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Introduction 
Recent ecological studies indicate that top-down processes are very important in 
terrestrial ecology (Oksanen et al. 1981, Burns 1989, Polis and Strong 1996, Polis et al. 
1997. Pace et al. 1999, Schmitz et al. 2000, Halaj and Wise 2001), which implies that top 
predators can significantly influence processes in lower trophic levels (Begon et al. 1986). 
The wolf-prey-vegetation relationship is an example of such an intrinsic complex, which 
requires an integrated approach (Бибиков и Караваева 1989, Железное 1990, Skogland 
1991, Berger 1999, Pos te ta l . 1999, Smith et al. 1999, Ripple et al. 2001). 
Although the ecology of large carnivores has been a popular study subject in both 
Eurasia and North America (Bibikov 1985, Carbyn et al. 1995, Mech 1995, Je^drzejewska 
and J^drzejewski 1998), it has never been properly studied in Latvia despite the great 
practical significance of carnivores and their impact on human economic activities - game 
management and livestock husbandry. The very limited studies on wolf-prey relationships 
have been done only in a study area in western Latvia (Gaross 1997). Some preliminary 
studies have also been carried out in Lithuania (Prusaite 1961a, 1961b) and Estonia 
(Valdmann et al. 1998). Understanding population ecology is important not only from 
theoretical but also from the practical point of view of wildlife management (Odum 1959, 
Caughley and Sinclair 1994, Bookhout 1996). Moreover, ecosystem functioning is 
strongly linked to biodiversity (Hector et al. 2001) species richness positively correlating 
with ecosystem function (Schwartz et al. 2000). 
Wolves were traditionally regarded as pests, which should be eliminated by all 
means possible (Новиков 1956, Павлов 1982, 1990). A different opinion appeared only 
recently when it was realised that wolves are endangered in large parts of their present 
distribution (Promberger and Schroder 1992, Boitani 2000, Delibes 2000), which is 
significantly smaller than their original one (Bibikov 1985, Mitchell-Jones et al. 1999) 
resulting from a centuries-long persecution by humans. The Baltic countries still host a 
strong wolf population compared to Western Europe (Boitani 2000) and can serve as a 
source for a potential dispersal of wolves westwards. 
Wolves are one of the most controversial predators (Lopez 1995), which have 
been persecuted using a wide range of hunting methods (Bibikov et al. 1983, Frkovic et 
al. 1992, J?drzejewska et al. 1996b, Okarma 1996. Elgmork 2000). The reason of such an 
attitude toward the species is that wolves have been feared for centuries due to the 
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potential threat they pose to human life (Peterson 1947, Осмоловская и Приклонский 
1975, Vanags 1989, Корытин 1990, Павлов 1990, Jhala and Sharma 1997, Корьгган 
1997, Linnell et al. 2002), livestock (Pulliainen 1965, Priklonsky 1985, Delibes 2000) and 
game resources exploited by people (Filonov and Kaletskaya 1985, Nowak and Myslajek 
1999a, Delibes 2000). Therefore, the problems of human - wolf conflicts, especially 
depredation on livestock, cannot be viewed in isolation from the socio-economic context 
(Cozza et al. 1996, Breitenmoser 1998, Ciucci and Boitani 1998, Boitani 2000). 
As wolf control is a politically sensitive issue (Carbyn 1983, Anonymous 1997, 
Sharpe et al. 2001), it is clear that carnivore conservation requires a complex approach, 
addressing biological, ethical, emotional and economical aspects (Mills 1987, Naess and 
Musterud 1987, Boman and Bostedt 1994, Boman 1995, Mech 1995, Mech et al. 1996, 
Linnell et al. 2000). In Latvia, the first attempt to use different aspects of wolf - human 
relationships in carnivore management was applied in the recent Wolf Action Plan 
(Ozolins and Andersone 2000). 
In the mid-1990s, when the conflict between hunters and predators in Latvia was 
aggravated due to the competition for the depleted prey base, unlimited and even 
promoted hunting of large carnivores created a unique situation for research. In 1998, the 
first national wolf research project was started. It was important to answer the basic 
questions - what is the current situation with the wolf population, how do the wolves in 
Latvia compare to the neighbouring wolf populations, what is their diet and population 
structure, and what is the impact of unlimited hunting on the population? The analysis of 
population dynamics, distribution, demographic structure, morphometries and genetics 
contribute to understanding of the impact of unlimited hunting on the wolf population. 
The study on wolf trophic ecology is a first step toward a more detailed research of 
predator - prey interactions in Latvia, which is important for the future management 
planning, considering carnivore share in the total ungulate mortality. All these issues 
required a comprehensive study on the wolf in Latvia, which has been the aim of the 
present work. 
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The specific objectives of this study were as follows: 
• To analyse the present status of wolves in Latvia, taking into account changes 
in the species' distribution range and population size in time; 
• To find out the impact of intensive hunting on the demographic structure of 
wolves in Latvia by sampling harvested animals; 
• To investigate morphometrical and craniometrical characteristics of wolves 
from Latvia in comparison with wolf populations in the neighbouring 
countries; 
• To analyse the diet of wolves including its seasonal, sexual and geographical 
variations within Latvia and to compare it with the diet of the country's 
second most common large carnivore species - lynx Lynx lynx; 
• To verify the occurrence of wolf - dog hybrids in Latvia; 
• To analyse past and present wolf - human conflicts in the Baltic region. 
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Summary 
The study summarises data collected in Latvia from 1997 to 2001. It covers the 
following aspects of the wolf Canis lupus L., 1758 biology: demography, morphometries 
and craniometrical characteristics, trophic ecology and genetics. The study was based 
mainly on harvested animals as well as on scats collected in the field in different parts of 
Latvia. The study also includes the analysis of the human - wolf conflicts in the Baltic 
and the current wolf status and recent changes in its dynamics and distribution based on 
the official data on census and hunting bag from the State Forest Service dated from 1923. 
CurrenUy, wolves occur in most of the Latvian territory except the south of the 
country and the region to the north from Riga along the Riga Gulf. In total, there are about 
300-500 wolves in Latvia. Distribution and dynamics of the wolf population in the 
country are directly connected with the intensity of persecution by humans. Wolves were 
close to extinction by 1940 and were very scarce in the 1960s when an intensive anti-wolf 
campaign occurred. However, they were able to recover quickly due to the presence of the 
core population to the east of Latvia. After another significant post-war peak in the 1990s, 
wolves have decreased during the study period both in numbers and range following the 
intensive harvesting in the mid-1990s. 
The main reason for the wolf - human conflicts nowadays originates from the fact 
that hunters perceive wolves as their competitors for wild ungulate resources. In the past, 
livestock depredation and a potential threat to humans was another source of the interest 
conflict. Nowadays, Uvestock depredation occurs only locally and seasonally, sheep 
(70.8%), calves (21.9%) and dogs (5.2%) being the most often victims. 
In order to find out the current population's demographic structure and the 
possible impact of hunting on its sex and age structure, a sub-sample of 84 harvested 
individuals (36 48 $ $ ) was investigated, determining precise age of the animals and 
reproductive status of females. Sex ratio showed the prevalence of females (cJc? : ? $ = 
0.77), which, along with the high fecundity (on average, six embryos per female), may be 
an indication of heavy exploitation of the population, because increased fecundity and 
female production is known as a compensatory mechanism for high mortality rates. The 
prevalence of females in the 3 r d and the 4 t h age groups suggests that increased female 
production started in 1996-1997, which coincided with the peak of wolves' persecution. 
The age structure showed a relatively low proportion of subadult wolves — juveniles 
7 
constituted only about 20% of the total hunting bag. That suggests there are other pre- and 
neonatal mortality factors, possibly related to elimination of pregnant and lactating 
females during the summer hunting. The low proportion of old animals is another 
indication of the population's over-exploitation as intensive hunting tends to decrease the 
average age of populations. 
Craniometrical analysis of 187 wolf skulls (115 S<$. 72 $ $ ) was carried out, 
measuring 19 parameters, including skull weight. Skull parameters of males exceeded 
those of females. The average condylobasal length of male and female skulls was 
accordingly 23.7 and 22.5 cm, total length - 26.5 and 24.8 cm, zygomatic breadth - 14.3 
and 13.2 cm. Thus, cranial parameters of Latvian wolves did not differ significantly from 
those of wolves from the neighbouring countries like Belarus, Lithuania and Poland. 
Deviations from the normal tooth pattern were found in 9.5% of the skulls investigated, 
congenital oligodonty and polydonty were found in 7.9% of skulls, polydonty being the 
most common tooth anomaly (71.4%). Tooth anomalies were more common in males. A 
few skulls bore evidences of traumatic injury, probably through encounters with 
ungulates. Within the country, the difference in most of the cranial parameters was found 
between wolves from north-eastern Latvia and wolves from the Kurland Peninsula in the 
west. Wolves from the east of the country had generally bigger characteristics (in total, 13 
parameters), while only two parameters, facial length and length of incisura palatina, 
were bigger in wolves from the west. It is suggested that the differences in cranial 
parameters indicate some degree of isolation of the Kurland Peninsula's wolves due to the 
hampered migration from the east. That is indirectly supported by the data on the 
distribution of wolves in Latvia, which was decreasing for the last few years due to over-
hunting in vast territories, including the area naturally serving as an ecological corridor 
between east and west of the country. However, the craniometrical disruption has most 
likely been caused by the differences in the average age of the population in the west and 
east due to different hunting intensity. This hypothesis requires more research on wolf 
demography. 
Morphometries measurements were taken from 496 harvested wolves (244 SS, 
252 5 $ ) , 90% of the measurements being taking by hunters according to a specially 
developed questionnaire. Sexual dimorphism was found in body parameters, males being 
bigger than females. The average weight of males and females was accordingly 41.2 and 
34 kg, height - 77 and 71 cm, total body length - 159.2 and 150.5 cm, tail length - 42.6 
and 40.8 cm. Sex ratio of this sample also showed female prevalence (SS • 92 = 0.97). 
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1.4% of wolves investigated had signs of scabies. The high proportion of the animals with 
old injuries (8.3% in total, of which 46.3% of injuries were of obvious anthropogenic 
origin) is another evidence of the high hunting pressure on wolves in Latvia. Age 
structure of the harvested wolves as determined by hunters showed a lower proportion of 
juvenile wolves than the sub-sample of 84 animals. Although having been proved as an 
inappropriate method for age determination, the questionnaire method demonstrated that 
it could be a useful tool for morphometrical studies on a large scale provided that 
measurements to be taken are simple. 
Trophic ecology of wolves in Latvia was studied by analysing 302 scats and 107 
stomachs of harvested animals collected from different parts of Latvia in both winter and 
summer seasons. Wild ungulates (cervids and wild boar) were the staple food for wolves 
in both seasons (55.7% of frequency of occurrence in summer and 76.6% in winter), 
while beavers were the second most important prey in summer (18.8%). Due to its 
abundance in Latvia, beaver is an important alternative prey for wolves, its significance 
being much higher than elsewhere in Europe. However, it seems to have gained such a 
role in the wolf diet only in the last decade following the decline in ungulate populations 
in the early 1990s caused by the cumulative effect of hunting, poaching and predation. 
Male wolves were found to prey on beavers considerably more than females did. Some 
seasonal variations in the wolf diet were observed, the proportion of ungulates increasing 
in winter. Cervids occurred in 49.4% of summer samples and 51.2% of winter samples, 
wild boar - 20% and 33.9% accordingly. Wild boar were a preferred prey, the 
significance of which increased in winter. Wild boar was a more common prey for wolves 
in the east of Latvia, while cervids and livestock (mainly as carrion) were most often 
preyed on in the west. Summer diet was characterised by a broader food niche including 
minor prey items such as rodents, medium-sized carnivores, reptiles, berries etc. Domestic 
animals rarely featured on the predator' menu except for during winter when livestock 
was consumed as carrion (13.1%). Winter diet of wolves was compared with that of lynx 
(49 stomachs), revealing that the trophic competition between the two large carnivore 
species was moderate. Food niche was narrower for lynx, which relied almost entirely on 
roe deer as prey (86.5%). while also other prey species were available to wolves due to 
the differences in their size and hunting strategy. 36.7% of wolf and 34.7% of lynx 
stomachs checked were empty. The average weight of stomach content in wolves was 
990.3 g, ranging from 20 to 4350 g. 
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Genetic samples (muscle or blood tissue) from Latvian wolves were taken (n = 
39). Hybridisation between wolves and free-ranging dogs in Latvia was analysed based on 
31 harvested individual, six samples originating from a litter of suspected hybrid origin 
due to the pups' abnormal morphological features. Eight samples from Latvian male 
wolves were used in a methodological comparative study using a combination of mtDNA, 
autosomal and Y-chromosome markers for the most precise identification of wolf - dog 
hybrids. The hybrid origin of the six pups, their putative mother and a male from the same 
area in northern Latvia was confirmed using the mtDNA control region and autosomal 
microsatellites. Only one potential hybrid was found in western Latvia. Hence, eight 
hybridisation cases (of nine cases in total) came from the same region where wolf density 
was low, therefore, supporting the idea that wolves cross-breed with stray dogs when the 
local spatial and demographic structure of the wolf population is disturbed. Hybridisation 
seems to be more common in Latvia than elsewhere in Western Europe, which can be 
possibly explained by the high abundance of stray dogs in the countryside, and 
^discriminate and unlimited wolf hunting. However, genetic diversity of wolves from 
Latvia proved to be higher compared to the isolated population of Scandinavia. 
The management regime has so far been unfavourable for the species 
conservation, as legal all-year-round hunting resulted from a public perception of the wolf 
as a pest. The recent proposed changes in hunting legislation provide a closed season on 
wolves from April to mid-July, which is a first step toward a sustainable management of 
the species. Introduction of a longer seasonal ban and hunting quotas in the future would 
be a valuable input into wolf conservation. Several above-mentioned features of the 
population revealed during the present study indicate to population's over-exploitation. 
The results of the study, therefore, imply that the wolf management practice should be 
changed toward a more sustainable approach. 
The following conclusions can be made from the present study: 
• For the last few decades, wolves have been widely distributed and numerous in 
Latvia, however, both a numerical and distribution decline has been observed in the 
last three years as a consequence of unregulated persecution by humans. 
• Mophologically, both in body size and weight, and craniometrical characteristics, 
Latvian wolves are similar to those of the neighbouring countries hosting the forest 
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zone's race of the species. The degree of sexual dimorphism typical to wolves from 
Latvia was revealed, males being bigger than females. 
Craniometrical parameters show some morphological disruption between wolves in 
Kurland Peninsula and the rest of the country, wolves in the east having bigger skulls. 
The sex and age structure of the harvest bag, i.e., low proportion of old animals, 
female predominance and their high fecundity (6 embryos on average), all point 
towards the current over-exploitation of the population. A relatively low ratio of 
juveniles (20%) is an indication of additional pre- and neonatal mortality factors, 
possibly elimination of pregnant and lactating females through summer hunting. The 
high proportion of animals with human-caused injuries (3.8%) is another evidence of 
the strong hunting pressure. 
Wild ungulates (cervids and wild boar) are the staple food for wolves both in winter 
(76.6%) and summer (55.7%) seasons, beaver being the second most important prey 
category in summer (18.8%). Livestock depredation is a relatively rare event, and 
livestock is mainly consumed in winter as carrion (13.1%). Wolves in Latvia prey on 
beavers considerably more than elsewhere in Europe. Beavers may have been a buffer 
prey during ungulate declines in the mid-1990s, helping to maintain high wolf 
densities. 
Hybridisation between wolves and stray dogs has been confirmed in Latvia. Most of 
the cases were found in northern Latvia in an area with low wolf density, which is an 
evidence of the importance of maintaining the proper spatial and demographic 
structure of the wolf population in order to prevent further hybridisation. 
Although on the whole, the Latvian wolf population is still numerous (totalling 
currently about 300-500 individuals), some negative consequences of the unregulated 
wolf hunting have been observed such as numerical and distributional decline, 
deviations in the demographic structure, hybridisation with dogs etc. Conservation of 
wolves in Latvia can be most effective through changing the current hunting 
legislation and wolf management practice toward a more sustainable system. 
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Kopsavilkums 
Petljuma ir apkopoti no 1997.g. lldz 200 l.g. Latvija ievaktie dati par sekojosajiem 
vilka Canis lupus L., 1758 biologijas aspektiem: demografiju, morfometriskajiem un 
kraniometriskajiem raditajiem, trofisko ekologiju un genetiku. Petljums tika balstlts 
galvenokart uz dazadas Latvijas dajas nomeditajiem vilkiem un ievakto ekskrementu 
analTzem. Petijuma tiek analizeti konflikti starp cilveku un vilku Baltija, ka an 
pasreizejais vilku stavoklis un izmainas populacijas dinamika un izplatlba, balstoties uz 
Valsts Meza dienesta oficialajiem uzskaites un nomedlsanas datiem sakot no 1923.gada. 
Pasreiz vilki ir sastopami Latvijas teritorijas lielakaja daja, iznemot valsts dienvidu 
daju un Vidzemi gar Rlgas juras llci. Pavisam Latvija ir ap 300-500 vilki. Populacijas 
izplatlba un dinamika valstl ir ciesi saistTtas ar vilku medisanas intensitati. LTdz 
1940.gadam vilki Latvija bija gandriz izzudusi, un to skaits bija Joti zems 1960.gados, kad 
ar vilkiem intensTvi clnljas. Tomer pateicoties kodola populacijai uz austrumiem no 
Latvijas, tie speja atri atgut ieprieksejo skaitu. Pec otra lielaka peckara vilku populacijas 
pieauguma 1990.gados, petTjumu veiksanas laika vilku skaits un izplatlba samazinajas 
dekades vidu sakusas intenslvas apmedlsanas rezultata. 
Musdienas galvenais iemesls konfliktiem 51аф vilku un cilveku ir tas, ka mednieki 
uzskata vilku par konkurentu par sawajas parnadzu resursiem. Agrak svarigs konflikta 
celonis bija uzbrukumi majlopiem un vilku potenciala bistamlba cilvekiem. Musdienas 
uzbrukumi majlopiem ir tikai lokala un sezonala problema, visbiezak no vilkiem cieS aitas 
(70.8%), te]i (21.9%) un suni (5.2%). 
Lai noteiktu pasreizejo populacijas demografisko strukturu un medibu iespejamo 
ietekmi uz to, tika izpetlti 84 nomedltie Tpatni (36 48 $ $ ) . Dzimumu attiecTba 
uzradlja matlsu parsvaru (<$<$ : = 0.77), kas кора ar augstu augllbu (videji 6 embriji 
vienai reproduktTva vecuma matltei) norada uz populacijas parmedlsanu, jo paaugstinata 
augllba un matlsu parsvars populacija darbojas parasti ka kompensacijas mehanisms pret 
lielu mirstTbu. Matlsu parsvars 3. un 4.vecuma grupas nozlme, ka lielaka matlsu dzimsana 
sakas 1996.-1997.g., kas sakrit ar intenslvas vilku apkarosanas sakumu. Vecuma struktura 
uzradlja relatlvi zemu jaunu vilku Tpatsvaru - vilki lldz gada vecumam sastadlja tikai ap 
20% no visiem nomeditajiem Ipatniem. Tas liek domat, ka pastav citi pre- un neonatalas 
mirstibas faktori, iespejams, saistlti ar griisno un zldoSo matlsu eliminaciju vasaras 
medibu laika. Vecu dzlvnieku zemais Ipatsvars ir vel viena norade uz populacijas parak 
intcnsTvu apmedlsanu, j o la parasti samazina populacijas videjo vecumu. 
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Tika veikta 187 vilku galvaskausu (115 72 $ $ ) kraniometriska analTze, 
izmantojot 19 parametrus, t.sk. galvaskausa svaru. Tevinu galvaskausu parametri bija 
lielaki par matlsu. Videjais kondilobazalais garums tevinu un mafisu galvaskausiem bija 
attieclgi 23.7 un 22.5 cm, kopejais garums - 26.5 un 24.8 cm, zigomatiskais platums -
14.3 un 13.2 cm. Tadejadi, Latvijas vilku galvaskausu parametri butiski neatsklras no 
attieclgajiem raditajiem vilkiem no tadam kaimipu zemem, ka Baltkrievija, Lietuva un 
Polija. Novirzes no normalas zobu formulas tika atrastas 9.5% izpetlto galvaskausu, 
iedzimta oligodontija un polidontija konstatetas 7.9% galvaskausu. Polidontija bija 
visbiezak sastopama zobu anomalija (71.4%). Zobu formulas anomalijas biezak bija 
sastopamas teviniem. Daziem galvaskausiem bija traumu pazlmes, kas varetu but radusas 
no kontaktiem ar parnadziem. Republikas robezas tika atrastas atskirlbas lielakajai dajai 
galvaskausu parametru vilkiem no Kurzemes un no parejas Latvijas teritorijas. Vilkiem no 
valsts austrumiem bija lielaki galvaskausu radltaji (pavisam 13 parametri), kamer tikai 
divi parametri, sejas dajas garums un incisura palatina garums, bija lielaki Kurzemes 
vilkiem. Tiek izteikta hipoteze, ka atskirlbas galvaskausu parametros atspogujo Kurzemes 
vilku izolaciju, к о ir izraisljusi apgrutinata migracija no Latvijas austrumiem. So hipotezi 
netiesi apstiprina dati par vilku izplatlbu Latvija. kas ir samazinajusies pedejo dazu gadu 
laika intenslvas vilku apkarosanas dej, t.sk. ari teritorijas, kas dablgi kalpo ka ekologiskais 
koridors starp valsts austrumu un rietumu dajam. Tomer visdrizak kraniometrisko radltaju 
sadalljumu ir izraisIjuSas populacijas videja vecuma atskirlbas Latvijas austrumu un 
rietumu dajas dazadas medibu intensitates dej. §Is hipotezes parbaudlsanai ir nepieciesami 
papildus petrjumi par vilku demografiju. 
Morfometriskie merijumi tika veikti 496 nomeditajiem vilkiem (244 SS, 252 
2 2), 9 0 % menjumu veica mednieki pec Ipasi izstradatas anketas. Tapat ka galvaskausos, 
ari kermeija izmeros bija izteikts dzimumu dimorfisms - tevini bija lielaki par matltem. 
Videjais svars teviniem un matltem bija attieclgi 41.2 un 34 kg, augstums skausta - 77 un 
71 cm, kopejais kermena garums - 159.2 un 150.5 cm, astes garums - 42.6 un 40.8 cm. 
Sis paraugkopas dzimumu attieclba ari domineja matltes (<$<$ : = 0.97). 1.4% 
apsekoto vilku bija kasfca pazlmes. Liels skaits dzlvnieku ar veciem ievainojumiem (кора 
8.3%, n o kuriem 46,3% ievainojumu bija neparprotami antropogenas izcelsmes) ir vel 
viena norade uz intenslvu vilku apkarosanu LaU'ija. Nomedlto vilku vecuma struktura pec 
mednieku noteiktajiem vecumiem uzradlja zemiku nepieauguso vilku Ipatsvam neka 84 
Ipatnu paraugkopa. Kaut ari ankete§anas metode izradijas neatbilstosa vecuma 
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noteiksanai, ta var but noderiga plasa meroga morfometriskajos petTjumos, pie 
nosacljuma, ka veicamie merijumi ir vienkarsi. 
Vilku trofiska ekologija Latvija tika petlta, analizejot 302 ievaktos ekskrementus 
un 107 nomedito vilku kungus no dazadam Latvijas da|am gan no ziemas, gan vasaras 
sezonas. Vilku pamatbariba abas sezonas bija sawajas parnadzi - briezveidlgie dzlvnieki 
un mezacukas (55.7% vasaras un 76.6%> ziemas paraugu), kamer bebrs bija otrais pec 
svanguma baribas objekts vasara (18.8%). Pateicoties bebru lielajam skaitam Latvija tie ir 
kjuvusi par svarlgu altematlvu baribas avotu vilkiem, daudz nozlmlgaku neka citur 
Eiropa. Iespejams, ka sadu lomu bebrs ir ieguvis tikai pedejas dekades laika pec parnadzu 
skaita samazinasanas 1990.gadu sakuma. ко bija izraisTjusi medibu, malu medibu un 
plesonibas apvienota ietekme. Vilku tevinu bariba bebrs bija sastopams ieverojami biezak. 
Vilku barosanas nedaudz mainljas sezonali, parnadzu Tpatsvaram palielinoties ziemas 
sezona. Briezveidlgie bija sastopami 49.4% vasaras un 51.2% ziemas paraugu, mezacukas 
- attieclgi 20 un 33.9%. Mezacukas vilki medTja ieverojami vairak salldzinot ar to 
Tpatsvaru parnadzu sabiedriba, Tpasi ziema. Mezacuku Tpatsvars vilku bariba bija augstaks 
Latvijas austrumu da|a, bet rietumu da|a pleseju uztura domineja briezveidlgie un 
majdzlvnieki (galvenokart kritusie). Vasara vilkiem bija raksturiga plaSaka barosanas 
nisa, kas iekjava mazakus baribas objektus, tadus ka grauzeji, videja lieluma pleseji, 
rapuji, ogas utt. Ar maj dzlvnieki em vilki barojas reti, izpemot ziemas sezonu, kad pleseji 
papildinaja edienkarti ar galvenokart izgaztuves atrodamajiem kritusajiem majlopiem 
(13.1%). Vilku ziemas barosanas tika sdldzinata ar lusu barosanos (49 kungi), pieradot, 
ka baribas konkurence slaxp slm divam lielo pleseju sugam bija merena. Lusim, kas 
gandriz pilniba partika no stimam (86.5%), baribas nisa bija sauraka neka vilkam, kuram 
pateicoties atskirlbam izmeros un medibu strategija bija pieejams ari cits medljums. 
36.7% vilku un 34.7%> lusu kungu bija tukSi. Videjais kunga satura svars vilkiem bija 
990.3 g, robezas no 20 g lldz 4350 g. 
N o Latvijas vilkiem tika ievakti genetiskie paraugi (muskuju vai asinu audi) (n = 
39). Balstoties uz paraugiem no 31 nomedlta vilka, tika analizeta hibridizacija starp 
vilkiem un klainojosiem suniem Latvija. Sesi paraugi tika panemti no viena metiena no 
Latvijas ziemeju dajas, par kura hibrido izcelsmi radas aizdomas kucenu neparasto 
morfologisko pazlmju dej. Astoni paraugi no Latvijas vilku teviniem tika izmantoti 
metodologiskaja salldzinosa petljuma, preclzakai vilku - sunu hibridu identifikacijai 
izmantojot mtDNS, autosomalos un Y-hromosomas markiems. Kucenu, to potencialas 
mates un tevina no viena Ziemejvidzemes rajona hibrida izcelsme tika picradTta, 
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izmantojot mtDNS kontroles regiona un autosomalo mikrosatelltu markierus. Tikai viens 
potentials hibrids tika atrasts Latvijas rietumos. Tadejadi, astoni hibridizacijas gadljumi 
(no deviniem pieradltajiem) nak no viena rajona ar zemu vilku bllvumu, atbilstosi teorijai 
par to, ka vilki krustojas ar klainojosiem suniem, ja ir izjaukta vilku populacijas vieteja 
telpiska un demografiska struktura. Hibridizacijas gadljumi Latvija bija relatlvi bieiaki 
salidzinajuma ar Rietumeiropu, ко var izskaidrot ar lielu klainojoSu sunu skaitu lauku 
teritorijas un neierobezotam vilku medlbam. Tomer vilku genetiska daudzveidlba Latvija 
bija augstaka salidzinajuma ar Skandinavijas izoleto populaciju. 
LTdz sim vilku apsaimniekosanas rezlms sugas aizsardzlbu neveicinaja, jo vilks 
tika uzskatrts par kaitigu dzivnieku, ко atjauts medlt cauru gadu. Pasreizejais medibu 
likumdosanas grozljumu projekts paredz vilku medibu aizliegsanu no apri|a lldz julijam, 
ко var uzskatlt par pirmo soli sugas ilgtspejlgas apsaimniekosanas virziena. NomedTsanas 
limitu un garakas vasaras medibu aizlieguma sezonas ieviesana nakome butu vertigs 
ieguldTjums vilku saglabasana. Vairakas augstak minetas pazlmes, kas tika atklatas si 
petljuma gaita, liecina par populacijas parekspluataciju. Tadejadi, no petljuma rezultatiem 
izriet, ka ir jamaina vilku populacijas apsaimmekosanas prakse, parejot uz ilgtspejlgas 
apsaimniekosanas principiem. 
No ST petljuma var izdarit sekojosus secinajumus: 
• Pedejo dekazu laika vilki ir bijusi plasi izplatlti Latvija, tomer pedejo tris gadu laika 
tiek noverota to skaita un izplatlbas samazinasanas neierobezotu medibu dej. 
• Morfologiski, gan pec kermepa izmeriem un svara, gan pec galvaskausu parametriem, 
Latvijas vilki ir lldzlgi citu kaiminu valstu mezu zonas vilkiem. Noskaidrots Latvijas 
vilku populacijai raksturigais dzimumu dimortisma llmenis. 
• Kraniometriskie parametri uzradlja morfologisku sadalljumu starp vilkiem no 
Kurzemes un Latvijas ziemejaustrumiem. Vilkiem no Latvijas austrumiem bija lielaki 
galvaskausi. 
• Uz parak intenslvu populacijas apmedlsanu norada nomedlto vilku dzimuma un 
vecuma strukffirn. t.i., vecu dzivnieku zemais Ipatsvars, matisu skaitliskais parsvars un 
to augsta auglHia (6 embriji uz vienu matlti). Relatlvi zemais nepieauguso dzivnieku 
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Tpatsvars (20%) norada uz papildus pre- un neonatalas rairstTbas faktoriem, kas var but 
saistlti ar grusno un zldosu matlsu nomedlsanu. Liels dzivnieku Tpatsvars ar 
antropogenas izcelsmes traumam (3.8%) an liecina par stipru medTbu slodzi. 
• Sawajas parnadzi (briezveidlgie dzlvnieki un mezacukas) ir vilku pamata bariba 
Latvija gan ziemas (76.6%), gan vasaras (55.7%) sezonas. Bebrs ir otrais svarigakais 
baribas objekts vasara (18.8%). Uzbrukumi majlopiem ir salTdzinosi reti, un 
galvenokart tiek lietoti uztura izgaztuves atrodamie kritusie maj dzlvnieki ziema 
(13.1%). Latvija vilki ieverojami vairak barojas ar bebriem neka citviet Eiropa. 
lespejams, bebri kalpoja par bufera baribu parnadzu skaita samazinasanas laika 1990 
gadu vidu, palldzot uzturet augstu vilku skaitu. 
• Tika apstiprinata hibridizacija starp vilkiem un klainojosiem suniem Latvija. Vairums 
gadljumu tika konstateti Latvijas ziemejos, rajona ar zemu vilku bllvumu, kas velreiz 
norada uz nepieciesamlbu uzturet vilku populacijas dabisku telpisko un demografisko 
strukturu, lai noverstu nupmaku hibridizaciju. 
• Kaut ari kopuma Latvijas vilku populacija joprojam ir samera liela (ap 300-500 vilki), 
ir noverotas neierobezotu vilku medibu dazas negatTvas sekas, tadas ka skaita un 
izplatibas samazinasanas, novirzes demografiskaja struktura, hibridizacija ar simiem 
utt. Lai nodroSinatu vilku aizsardzlbu Latvija, ir nepieciesams mainlt pasreizejo 
medTbu IikumdoSanu un praksi, balstot to uz ilgtspejlgas apsaimniekosanas 
principiem. 
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Резюме 
В о л к (Canis lupus L. , 1758) в Л а т в и и : статус п о п у л я ц и и , 
д е м о г р а ф и я , м о р ф о м е т р и я , т р о ф и ч е с к а я э к о л о г и я и г е н е т и к а в 
связи с н а с т о я щ е й п р а к т и к о й и с п о л ь з о в а н и я в и д а 
В настоящей работе обобщены данные, собранные в Латвии с 1997 по 2001 
гг., охватывающие следующие аспекты биологии волка Canis lupus L., 1758: 
демографию, морфометрию и краниометрию, питание и генетику. Исследование 
основывалось главным образом на добытых животных и экскрементах, собранных в 
различных частях Латвии. Работа также включает анализ конфликтов между волком 
и человеком в Прибалтике, анализ настоящего статуса волка, динамики его 
численности и распространения на основе официальных данных учета и добычи с 
1923 г., предоставленных Государственной Лесной службой. 
В настоящее время волк встречается на большей части территории Латвии за 
исключением юга страны и области к северу от Риги вдоль Рижского залива. Общая 
популяция волка в Латвии насчитывает около 300-500 особей. Распространение и 
динамика численности волка в Латвии непосредственно связаны с интенсивностью 
преследования его человеком. Волки были на грани исчезновения к 1940 г. и очень 
малочисленны в 1960-х гг. во время интенсивной борьбы с ними. Однако благодаря 
ядру популяции к востоку от Латвии волк сумел быстро восстановить свою 
численность. После второго наиболее значительного послевоенного пика в 1990-х 
гг. численность и ареал волка в Латвии стали уменьшаться в результате 
интенсивной добычи в середине последней декады. 
Основной причиной современного конфликта между волком и человеком 
является восприятие этого хищника охотниками как конкурента на диких 
копытных. В прошлом актуальны были также ущерб животноводству и 
потенциальная угроза жизни людей. В настоящее время нападения на скот 
случаются эпизодически, локально и сезонно, чаще всего от хищничества страдают 
овцы (70.8%), телята (21.9%) и собаки (5.2%). 
Чтобы изучить демографическую структуру популяции и влияние на нее 
охотничьего пресса, была проанализирована выборка из 84 добытых особей (36 <$S, 
48 22)- Соотношение полов показало доминирование самок : $2 = 0.77), что 
вместе с высокой плодовитостью (в среднем 6 эмбрионов на самку) является 
показателем сильного промыслового пресса на популяцию, так как повышенная 
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плодовитость и рождаемость самок известны как механизм компенсации в условиях 
высокой антропогенной смертности. Преобладание самок в 3-й и 4-й возрастных 
группах предполагает, что повышенная рождаемость самок началась в 1996-1997 
гг., что совпадает с пиком преследования волка. Возрастная структура показала 
относительно низкую долю неполовозрелых особей - прибылые составляли около 
20% добычи. Это предполагает наличие дополнительных факторов пре- и 
неонатальной смертности, возможно, связанных с элиминацией беременных и 
кормящих самок во время летней охоты. Низкая доля старых животных является 
еще одним подтверждением чрезмерной эксплуатации популяции волка человеком, 
так как интенсивная добыча обычно снижает средний возраст популяции. 
Краниометрический анализ 187 черепов (115 SS, 72 5$) включал в себя 19 
параметров, в том числе и вес черепа. Параметры черепа самцов превышали 
таковые у самок. Средняя кондилобазальная длина черепа самцов и самок была 
соответственно 23.7 и 22.5 см, общая длина - 26.5 и 24.8 см, зигоматическая 
ширина — 14.3 и 13.2 см. Таким образом, краниальные параметры латвийских 
волков не отличались значительно от таковых у волков из соседних регионов -
Беларуси, Литвы, Польши. У 9.5% исследованных черепов были найдены 
отклонения от нормальной зубной формулы. Врожденные олиго- и полидонтия 
встречались у 7.9% черепов, полидонтия являлась наиболее частой аномалией 
(71.4%). Аномалии зубной формулы чаще встречались у самцов. У нескольких 
черепов были найдены травмы, вероятно, свидетельствующие о конфронтациях с 
копытными. В пределах Латвии были найдены различия параметров черепа у 
волков с северо-востока и запада республики. У волков из восточной части 
республики размеры черепа были больше (всего 13 параметров). Только два 
показателя, длина лицевой части и длина incisura palatina, были больше у волков с 
Курляндского полуострова. Предполагается, что различия в краниальных 
параметрах указывают на некоторую степень изоляции волков полуострова по 
причине затрудненной миграции с востока. Это подтверждается также данными о 
распространении волка в Латвии, ареал которого из-за чрезмерной добычи 
сократился в течение нескольких последних лет, в том числе и на территориях, 
служащих естественным экологическим коридором между восточной и западной 
частями республики. Однако, вероятнее всего, разделение краниометрических 
показателей было вызвано различиями в среднем возрасте популяции на западе и 
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востоке вследствие различной интенсивности добычи. Эта гипотеза требует 
дополнительных исследований демографии волка. 
У 496 добытых волков (244 S3, 252 22) были взяты морфометрические 
промеры, 90% измерений производилось охотниками в соответствии со специально 
разработанной анкетой. Морфометрические показатели также выявили половой 
диморфизм, самцы были больше самок. Средний вес самцов и самок составлял 
соответственно 41.2 и 34 кг, высота в холке - 77 и 71 см, общая длина тела - 159.2 и 
150.5 см, длина хвоста - 42.6 и 40.8 см. Соотношение полов в этой выборке также 
показало преобладание самок (33 : $ $ = 0.97). У 1.4% обследованных волков были 
найдены признаки чесотки. Высокая доля животных со старыми ранениями (всего 
8.3%, из которых 46.3% были несомненно антропогенного происхождения) 
является очередным свидетельством сильного промыслового пресса на волка в 
Латвии. Возрастная структура добытых волков, основывающаяся на определении 
возраста охотниками, показала более низкую долю прибылых волков по сравнению 
с выборкой из 84 особей. Хотя метод анкетирования показал свою непригодность 
для определения возраста добытых волков, он является полезным инструменом для 
широкомасштабных морфометрических исследований, при условии что измерения 
достаточно упрощены. 
Трофическая экология волка в Латвии изучалась на основе анализа 302 
экскрементов и 107 желудков добытых волков из различных частей республики, 
собранных в зимний и летний сезоны. Основной пищей волка в Латвии являлись 
дикие копытные (оленевые и кабаны) (55.7% встречаемости в летних и 76.6% в 
зимних пробах), в то время как бобр был второй наиболее значимой добычей летом 
(18.8%). Благодаря высокой численности бобра в Латвии, он являлся важной 
альтернативной добычей волка, по значению намного превышающей таковое где-
либо в Европе. Предполагается, что бобр приобрел столь важную роль в питании 
волка лишь в течение последнего десятилетия вследствие падения численности 
копытных в начале 1990-х гг., вызванного суммарным эффектом охотничьего 
пресса, браконьерства и хищничества. Самцы волка питались бобрами чаще, чем 
самки. Также наблюдались некоторые сезонные изменения в питании волка, доля 
копытных возрастала в зимний период. Оленевые встречались в 49.4% летних и 
51.2% зимних проб, кабан - соответственно в 20% и 33.9%. Кабану, особенно в 
зимнее время, отдавалось предпочтение. Кабан был более частой добычей волка на 
востоке Латвии, а оленевые и домашний скот (в основном в виде падали) - на 
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западе. Летнее питание волка отличалось большим разнообразием и включало в 
себя более мелкую добычу, такую как грызуны, средние хищники, 
пресмыкающиеся, ягоды и т.д. Домашние животные в питании волка встречались 
нечасто, за исключением зимнего периода, когда они потреблялись в виде падали 
(13.1%). Зимний рацион волка сравнивался с таковым у рыси (49 желудков). Было 
показано, что трофическая конкуренция между двумя видами крупных хищников 
умеренная. Для рыси, которая почти стопроцентно питалась косулей, была 
характерна более узкая пищевая ниша, в то время как волку в связи с разницей в 
размерах и охотничьей стратегии была доступна и другая добыча. 36.7% волчьих и 
34.7% рысьих желудков были пустые. Средний вес содержимого желудка волка 
составлял 990.3 г, в пределах от 20 до 4350 г. 
Были собраны генетические образцы (кровь или мышцы) латвийских волков 
(п = 39). Гибридизация между волками и бродячими собаками в Латвии была 
проверена на пробах тканей 31 добытого волка. Шесть образцов были взяты у 
предположительно гибридных щенков из одного помета с севера Латвии, 
отличающихся необычными морфологическими чертами. Восемь проб от самцов 
волка из Латвии были использованы в методическом сравнительном исследовании 
по использованию маркеров митохондриальной, аутосомальной ДНК и ДНК Y-
хромосомы для наиболее точной идентификации волко-собачьих гибридов. 
Гибридное происхождение шести щенков, их потенциальной матери и самца из 
того же района северной Латвии было подтверждено путем использования 
маркеров контрольного региона ДНК и аутосомальных микросателлитов. Таким 
образом, восемь из девяти доказанных случаев гибридизации происходят из одного 
района с низкой плотностью волков, тем самым подтверждая существующую 
теорию, что волки скрещиваются с бродячими собаками, если нарушена местная 
пространственная и демографическая структура популяции. Предположительно, 
гибридизация волка с собакой в Латвии является более частым феноменом, чем в 
Западной Европе, что может быть объяснено многочисленностью бродячих собак в 
сельской местности и неограниченным отстрелом волков. Однако генетическое 
разнообразие латвийских волков было выше, чем у изолированной скандинавской 
популяции. 
До сих пор статус волка в Латвии с точки зрения его охраны был 
неблагоприятным, так как волк считался вредителем, охота на которого разрешена 
круглый год. Недавний проект изменений охотничьего законодательства 
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предусматривает запрет охоты на волка с апреля до середины июля, что можно 
считать первым шагом на пути к рациональному использованию вида. Введение 
охотничьих квот и более продолжительного закрытого летнего сезона в будущем 
еще более бы способствовали охране волка. Многочисленные вышеупомянутые 
характеристики популяции, полученные в результате данного исследования, 
свидетельствуют о чрезмерной эксплуатации вида в Латвии. Таким образом, 
результаты исследования показывают, что практика управления популяции волка 
человеком должна быть изменена в сторону более рационального ее использования. 
На основе настоящей работы можно сделать следующие выводы: 
• В течение нескольких последних десятилетий волки в Латвии были широко 
распространены и многочисленны, однако за последние три года в результате 
неограниченного преследования человеком численность и ареал волка в 
республике сократились. 
• Морфологически, как по размеру тела и весу, так и по краниометрическим 
показателям, латвийские волки сходны с волками лесной расы из сопредельных 
территорий. Была определена степень полового диморфизма, характерная для 
волков Латвии. 
• Анализ краниометрических показателей выявил некоторое морфологическое 
разделение между волками из западной и восточной частей Латвии, для волков с 
северо-востока республики были характерны более крупные черепа. 
• Половозрастная структура добытых зверей, а именно: низкая доля старых 
особей, преобладание самок и их высокая плодовитость (в среднем по шесть 
эмбрионов), указывает на сильный промысловый пресс в популяции. 
Сравнительно низкая доля прибылых (20%) указывает на наличие 
дополнительных факторов пре- и неонатальной смертности, возможно, 
связанных с добычей беременных и кормящих самок во время летней охоты. 
Высокая доля животных со старыми ранениями антропогенного характера 
(3.8%) служит дополнительным свидетельством сильного охотничьего пресса. 
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Дикие копытные (оленевые и кабаны) составляют основу питания волка как в 
зимний (76.6%), так и в летний (55.7%) сезоны. Бобр является вторым 
важнейшим объектом летнего питания хищника (18.8%). Нападения на 
домашний скот сравнительно редки. В основном скот входит в рацион волка в 
виде падали в зимний период (13.1%). Волки в Латвии питаются бобрами в 
значительно большей мере, чем где-либо в Европе. Вероятно, бобр служил 
буфером во время падения численности копытных в середине 1990-х гг., 
поддерживая таким образом высокую плотность популяции волка. 
Было подтверждено наличие волко-собачьих гибридов в Латвии. Большинство 
случаев гибридизации было обнаружено на севере республики в местности с 
низкой плотностью волка, что липший раз свидетельствует о важности 
поддержания нормальной пространственной и демографической структуры 
популяции хищника для предотвращения случаев гибридизации в дальнейшем. 
Хотя в целом латвийская популяция волка по-прежнему многочисленна (около 
300-500 особей), наблюдаются некоторые негативные последствия 
неограниченной охоты на волка, такие как спад численности, отклонения в 
демографической структуре, появление волко-собачьих гибридов и т.п. Охране 
волка в Латвии может способствовать изменение охотничьего законодательства 
и настоящей практики управления популяцией в сторону более рационального 
ее использования. 
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1. Status of the wolf population in Latvia 
1.1. In troduc t ion 
Despite the originally vast distribution range, wolves became endangered in many 
countries (Wabakken et al. 1983, 1984, Boitani 1992, Promberger and Schroder 1992, 
Butzeck 1993, Findo 1995, Li et al. 1996, Nader 1996, Nitsche 1996, Cerveny et al. 2000, 
Delibes 2000). In most cases, large carnivores have been heavily persecuted in Europe. 
Conservation measures and a more favourable legal status facilitating natural re-
colonisation vvithin the former range borders have only recently been instigated (Okarma 
1989, Wolsanetal . 1992, Okarma 1993. Adamic 1996, Adamic et al. 1998, Bienek et al. 
1998, Breitenmoser 1998). As the status of the wolf largely depends on the intensity of 
persecution by humans, carnivore conservation often requires favourable management 
policy more than habitat conservation (Linnell et al. 2000, 2001). 
Perception of wolves as competitors for wild game and livestock (Nowak and 
Myslajek 1999a) is the main cause for the intensive persecution of wolves. Hunting, both 
legal hunting and poaching, was, and still is, the main mortality factor affecting wolf 
populations throughout most of their distribution (Mech 1995, Jedrzejewska et al. 1996a, 
Smietana and Wajda 1997, Boitani 2000), natural factors playing a relatively minor role. 
Although intra-guild predation and aggressive interactions are common among carnivores 
(Boles 1977, Paquet and Carbyn 1986, Route and Peterson 1991, Kehoe 1995, Peterson 
1995), wolves are rarely killed by their few natural enemies (Matjushkin 1985, Hayes and 
Baer 1992, Bergmanis 2000). To understand population regulation of wolves as well as 
the impact of harvest on the population structure, the demography of the population 
should be studied (Mech and Hertel 1983, Hayes and Harestad 2000a). Long-term 
monitoring of the demographic structure of populations can help to predict dynamics and 
can be applied in the species' management (Danilov et al. 1985). 
The aim of the study was to summarise the existing information on wolf 
population dynamics and distribution (official data from the State Forest Service) as well 
as to investigate the current age and sex structure of the population of wolves in Latvia 
based on investigation of the harvested animals. 
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carnivores in Latvia: present s tatus and future 
rospccts 
B I G G A M E A N D L A R G E C A R N I V O R E S I N L A T V I A : P R E S E N T S T A T U S A N D F U T U R E 
P R O S P E C T S 
Z A N E T E A N D E R S O N E 
ECemeri N a t i o n a l P a r k , ' .Meza m a j a " , K e m e r i - J u r m a l a . L V - 2 0 1 2 . L a t v i a 
J A N I S O Z O L I N S 
S t a t e F o r e s : S e r v i c e . ! 3 . J a n v a r a i e b . i 5. R i g a . L V - I 9 3 2 , L a t v i a 
Abstract: The game fauna of Latwa is pica] tor the Baltic region: it includes I" mammal and 31 bird species. There is a 
shooting season for most species and for some species there are quotas. The community of wild ungulates includes four species -
elk (Alciss ahes), red deer (Ceruus eltipkus), roe deer {Capreohis itipreolus), and wild boar {Sus scrofa). Roe deer is the most 
numerous cervid in Latvia Large carnivores arc л ; . ; (Car.is lupus), lynx tLyiu / W D C I . brown bear (U^sus arcios). The latter is a 
protected species, found mainly ir. northeastern Latvia, A drastic decline in ungulate numbers during ;he last decade combined 
with a simultaneous increase in wolf and lynx populations resulted in heav. hunting pressure on the predamrs. especially the 
wolves The firs: coimtry-w ide project on wolf ecology was statici in 1997 A semi-aquatic mammal of special interest from the 
management point of view is the beaver (Castor fiber) which is another problem species, tl has become abundant and causes 
damask to s:K (culture and agriculture It is the only gams species thai has been properly studied sine* the 1950s. There is an 
need far serious studies on game taur.a i:: Latvia and for bread international co-operation, especially in the field of large 
carnivores. 
Key w o r d s : Li rune fauna, large e a r t h ores. Lat\ ia. semi-auuatic m a m m a ' s , v..1,. ungulates 
J. W i h U . R e s . 5 (1): 000 - (100. 21100. 
I N T R O D U C T I O N 
Lat \ ;a belongs "o 'lie Baltic region, v.htch lies ia the 
transition, zone between boreal and mixed forests, the 
total area being 64.600 k m - (Fig. l ' j . It is characterized by 
high proport ion of forests, consist ing of pine, spruce, 
birch, аз pen and alder, and of bogs - 41.4% and 10°/о 
accordingly. Latvia is smiated or; lowland; tiie highest 
point scarcely exceeds 300 m above sea level. Tiie 
ciimate is tempera te , precipitat ion 550 - S50 min-yem 
snow cover 75 - 115 days year. 
The fauna of Latvia is similar to that of the other 
Baltic states. Its formation started at the end of the iast 
glaciation about ' .0,000 - 15,000 years ago . T h e mammal 
fauna of Latvia numbers 63 species and includes both 
taiga elements and those of broadleaf forest fauna (Timm 
ct al. 199S). Seventeen m a m m a l and j i bird species are 
hunted. 
L E G A L S T A T U S 
Hunting in Latvia is reguiated by the К tinting Law. 
the Hunting Regulat ions and documen t s of the State 
Fores; Service . In nature reserves and nat ional parks 
those regula t ions are supplemented by the rules cf the 
protected territory approved by the Minis t ry r : 
Environment Protection and Regional Deve lopmen t 
iMia i 'RDi . Thus , there arc three levels of regulat ion, the 
Hunt ing Law ratified in the Par l iament (Saelma'l . the 
Hunt ing Regulat ions confirmed at prime nunis icr ia! 
level, and supplementary documen t s wi thm the frame of 
ment ioned ruies issued by the State Forest Service , 
wliicb is adminis tered by the Ministry of Agricul ture . 
Consequent ly , [he permanen t responsibil i ty over hunt ing 
and protection of hunt ing resources belongs to lite State 
Forest Service and partly to the M E P i l D as v.-oil 
( A n o n y m o u s 1998). 
T h e Hunt ing Regulat ions specify hunting species 
and divide them into tv. о categor ies : l imited and 
unlimited hunting resources . T h e first group of specie-! 
includes elk Alces alces, red deer Cenns elaphus roe 
deer Capreohis capreolus, wild boa r Sas scrofa, ben\ cr 
Castor fiber, males capercail i te Tetrao urogallus and 
black grouse Tetraj tutrix Snoo t ing limits of those 
species are set every year by the State Forest Service 
depending cn the popula t ion size. Hunters need a special 
perm,;: for shoot ing each, individual of the ment ioned 
species. 
Fig. 1. G e o g t a p h l c a l posi t ion of Latvia 
For t he s e c o n d group hunt ing limits are n o t 
specified. T h i s g r o u p includes following bird a n d 
mamma! spec ies : bean g o o s e Anser fahalts, whi te ­
fronted g o o s e A. albifrons, 20 species of wild ducks 
!.excluding shelctuck Tadorna tadorna and species front 
the genus Mergus), hazel grouse Bonasa bonasic, 
moorhen Gall inula с hi агор us. c o m m o n coot Fuller atra. 
woodcock Scolopax rusricola. c o m m o n snipe Gailinago 
^aliiaago, feral p i g e o n Columba Uvea, w o o d pigeon С 
pakunbus. h y b r i d s of capercai l l ie and b l a c k grouse , 
brown hare Lemts euronaeus, mountain hare L. '.imuhis, 
red seu ine ! Sciurus vulgaris, muskra t Ondatra sibahica. 
polecat Mustek: putorius, A m e r i c a n mink Л/. vison, pine 
marten Martes mar res. b a d g e r Mates nieles, lyax Lynx 
!\>LX. wolf Caras lupus, fox Vuivss vuipes. raccoon dog 
Xyctercutes. procyemokies. For t hose species , hunters 
Meed a seasona l permit t ha t specifies place , time and 
e ther condi t ions o f hunting. 
Ы s o m e cases it is a l lowed to hunt an imals over the 
shooting season o r quota, e. g., if there has been 
considerable d a m a g e to the forest or agricul ture the State 
Forest Service g ives an addi t ional permi t . Also, in 
epizootic reg ions hunting terms can be changed or 
hunting can be complete ly prohibi ted. From the 
m a n a g e m e n t po in t of v i e w , wild ungula tes and large 
predators, as w e l l as s u c h habi ta t ­bui lding species as 
beaver, a re of specia l interest. However , v e r y few studies 
have beer, carr ied out on game m a m m a l s ­ mostly on 
beaver ( B a ' c d i s 1990, 1994) and cervids (Skriba 1975), 
and also o n small and m e d i u m ­ s i z e d carnivores (Ozolins , 
Pilsts 1995) . A l m o s t no th ing h a s been d o n e on large 
predators. Some regional studies in restr icted areas were 
carried o u t on wolves (Ga ros s 1994, Andersone 199S), 
no reliable data available o n lynx a n d brown bear. 
U N G U L A T E C O M M U N I T Y 
In Latvia, there are four native species of wild 
ungulates : elk, red deer , roe deer , and wild b o a r . After 
the last glaciation dur ing the Atlantic and s u b b o r e a i 
climatic period, the species compos i t ion inc luded also 
European bison Bison bonasus, aurochs Bos primigenius, 
and wild horse Equus gineiini syhaticus. In La tv i a , the 
l i t ter two species are thought to have g o n e ext inc t about 
1000 y e a n a g o (rCalnins 1943), while European bison 
likely survived until the 18th centum' w h e n it was 
eradicated b y over­hunting ( T a u n n s 1982). H o w e v e r , 
according to another source, t h e aurochs and the 
European b i son were badly confused in the histor ical 
E n n a l s of German feudal? abou t hunt ing b a g s ( L a r g e 
1 9 ' 0 ) . Recently. WYvT­Latvia started a project of re­
intrc due l i o n o f European bison, Beck cattle and wild 
h o r s e kt,iiik in s o u t h w e s t e r n Latvia. The a i m o f t h e 
project is t o unprove m a n a g e m e n t of the a r e a and thus to 
prevent over ­growing of the Lake P a c e by r e e d s i'L'. 
Rotbergs, p e r s . comm. ) . 
The recent ungulate species have also expe r i enced 
numer ica l changes in t ime both d u e to natura l ar.d 
an th ropogen ic factors. 
Elk is the only ungulate species that has b e e n 
constant ly present in the terri tory of Latvia s ince it first 
appeared here a; die end of the Ice Age. It was very 
abundant in northern Latvia in the 17th century and there 
w e r e still 2.000 individuals at the end of the Last century 
(Ka lnms 1943). Dur ing Wor ld War I popula t ion s i z e 
decreased drastically to some 100 animals . T h e species 
b e c a m e abundant aga in in the 1970s ­ 1980s (Fig. 2) . 
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Fig .2 . Populat ion dynamics of for ungula te spec ies La 
Latvia dur ing the last 30 years (accord ing to the official 
census da ta ) . 
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Ftg.3. Populat ion dynamics of wolf {Cams lupus) and 
lynx (Z.j.'w.t /;.7iv) in Latvia during the last 30 years 
(according to the official census data). 
Red deer reached maximum in Latvia live to six 
thousand years ago (the boreal • Atlantic period). The 
local popula t ion of red deer went extinct by the f 0th 
c e n t u r y (Skaiba 197f). Artificial re­introduction started 
already in the 17th century. Initially animals were kept in 
enclosures. A t trie very­ beginning of this century some 
individuals escaped and started to reproduce in the wild 
(Kalnins 1943, Skriba 1975). Later several animals were 
released on purpose. They established several local 
m i crop op ul at ions of red deer in western and southern 
Latvia which were not connected with each other. 
Gradually, red deer spread over the territory, and by 
World W a r II there were about 1,300 red deer in Latvia 
(Skriba 1975). N o w the species occurs practically 
everywhere in the country, however the population 
density is likely to have decreased recently (Fig. 2). 
Roe deer in Latvia went extinct by the ' 7 th ­ lHih 
century. The extinct ion w a s explained as a natural 
process caused by climate cooling simultaneously with 
an increase of wolf density. Natural re­popaiat ion started 
in the 19th century, especially in its second part, when 
the climate became w a n n e r and also the number of 
wolves was considerably reduced (Taurins 1932). Lauge 
(1970) was of the opinion that population recovery was 
considerably supported also by intentional release and 
occasional escape of introduced individuals. In this 
century, the popula t ion size of roe deer has fiuctuated 
according to cl imate and especially the number of 
predators (Fig. 2). 
Wild b e a r w a s found in Latvia in the boreal time 
(Taurins 1982) until the 19th century when, due to 
natural reasons , species range retreated to the south 
(Greve 1909) . Wild boar started to disperse towards the 
north in the end o f the 19th and in the beginning of this 
century. Since the 1940s, it has occurred all over the 
country (Taur ins 19S2) 
At present , elk, red deer, roe deer, and wild boar 
occur in the w h o l e terri tory of Latvia, in all foresrrv 
adminis trat ive districts. However , during the last decade, 
there has been a genera; decline in popula t ion s ize (Fig, 
2) . Possible causes of such a depress ion include 
poaching , especial ly in the beg inn ing of the 1990s 
(unstable period of polit ical changes and difficult socio­
economic condi t ions) , and high density/ of preda tors , 
especially wolves . 
Shooting limits are largely biased by the imprec i se 
annua l official census of ungulates that usua l ly over­
estimates populat ion sizes. Census data for iar^e 
m a m m a l s can be over ­es t imated due tc the fact that 
even, 1 forestry unit (on average 250 k m : ) is count ing 
animals separately, usually without any co­ord ina t ion 
with neighbour ing uni ts . Afterwards number s from ill 
forestry districts are s imply s u m m e d up . Dur ing the last 
30 years shooting quo tas varied from 12 to 60 '% for elk, 
from 5 to 2 7 % for red deer, from 1 to 2 4 % for roe deer, 
and from 3 1 to 7 2 % for wild boar. T h u s , over ­harves t ing 
of cervids may have also caused their depress ion . 
Retaining unieasoivabiy high shoot ing quotas dur ing the 
last decade can hardly lead to i m p r o v e m e n t of the 
situation. 
Each, species has its o w n shoot ing period. Elks may 
be hunted from 15 Augus t till 30 N o v e m b e r . Red deer 
stags are hunted from 1 September till 31 D ecember , 
while for red deer hinds and calves the season is o p e n у 
from 15 July. Also, selective hunt ing of less valuable 
young red deer stags (up to two years old) is a l lowed 
from 15 July. Roe deer males arc hunted from 15 J u n e 
till 30 September, and roe deer females, and the y o u n g ­
from 1 September tili 30 N o v e m b e r . The longest 
shooting season is for wild boar ­ from 15 July til! 31 
January 
L A R G E P R E D A T O R S 
There are three species of large predators in 
Latvia ­ woif. lynx, and brown bear. Wolf has always 
been a part of the post­glacial m a m m a l fauna of Latvia. 
Fluctuations of popula t ion dynamics reflect the imer.sirv 
of persecut ion by h u m a n s . Popula t ion m a x i m u m was 
registered in the 18th and in the first part of the 19th 
century (Kalnins 1943). Then "die n u m b e r decreased 
because fire­arms started to be used widely to hunt 
wolves (Taurins 1982). In this century , popula t ion size 
has also varied significantly. It rose after World War I 
and World War II, as well as dur ing the last decade (Fig. 
3). In 199" , according to the official inventory, there 
were 997 wolves in Latvia. In the hunt ing season of 
1 9 9 " 1998, 369 wolves were harves ted . Tak ing into 
account that the same woif pack inhabits the terr i tory of 
several forestry units , tire real n u m b e r of predators ( the 
same equally refers to the lynx) should be s o m e w h a t 
lower than the official data indicate because of the 
ment ioned census prob lems . Over­es t imat ion of 
populations of large predators by official inventories is a 
widespread problem (Okarma, 1994). 
Wolves occur practically everywhere in Latvia, 
excluding the region to the north from Riga along the 
coast of tits Riga Bay . It is of interest that in the very 
same area another predator ­ lynx ­ is present. According 
to hunting bag data, the highest density of wolves is in 
western and eastern Latvia. However , it may also reflect 
hunting activity rather than the real density of animals 
Lynx is the second most numerous large predator in 
Latvia (Fig. 3) . It appeared in the terr i tory of the country 
together with boreal forests. Since then it has always 
been a part of the Latvian fauna. During populat ion 
depressions, species range in the country was limited to 
northern Latvia (Taurins 1982). N o w lynx is found in 
most parts of the country . However , its distribution is 
mainly related to the large forests. 
Brown bear was a common species in Latvia until 
the beginning of the 19th cenmry w h e n , due :o intensive 
forest cutting and s t rong hunt ing pressure, the populat ion 
size decreased rapidly. In the second part of the 19th 
century the last individuals of the local population were 
shot m western Latvia (Taurins I9S2) . However , W. L. 
Lange (1970) ha« recorded remains of a brown bear 
population in northeastern Latvia by 1900. Since 1970 
brown bears have been found in Latvia again, e.g.. in 
1973, they were observed 17 t imes, in 1979 ­ 34 t imes 
('Taurir.s 1982) . Accord ing to the official census data, in 
i 997 there were six brown bears in Latvia. Most or the 
reports on encounters with bears or their footprints come 
from nor thern or northeastern Latvia. The status of those 
animals is uncer ta in . It is not k n o w n whether they are 
residents or come into Latvia from Estonia and Russia 
in Estonia, where natural condit ions are quite similar to 
'­hose in Latvia , there are 2 5 0 ­ 300 brown bears (H. 
Valdmann, pers. comm.) , while in Latvia we have only 
few individuals of uncertain status. T h e reason for such a 
drastic difference is probably a high disturbance level 
because in Latvia a half of the h u m a n papula t ion lives in 
the countryside ( T i m m et al. 1998). However , a special 
study should be proposed to clar i ty the real causes of 
such adi f fe rence . 
One can hard ly talk about m a n a g e m e n t of large 
predators in Latvia because official policy is to keep 
their n u m b e r as l ow as possible to prevent decline in 
wild ungulates. It does not refer to t he brown bear, which 
is a protected and rare species in Latvia ( Ingelcg et al. 
1993). T h e public attitude towards predators is rather 
negative, especial ly in regard to the woif. This , together 
with insufficient information on biology of the local 
populat ions of carnivores , makes it difficult to pursue a 
ioi\:\d policy t owards the species. 
Wolf a n d lynx belong to so­cal led unlimited him ting 
resources. H o w e v e r , shooting season for lynx is from 1 
October till 15 March, while wolf is regarded as a pes; 
species (like fox, raccoon dog, raven Cor.'us corux. 
hooded crow Corvus corone. magpie Pica pica, and 
stray dogs and cats) which may be hunted ail yea r round 
without any limitation. Moreover , in 1997­1999 , a 
reward of Ls 75 (ca. USD 125) was paid for each killed 
wolf. In some places with high wolf density, e.g.. in 
eastern Latvia, where increased migrat ion from the east 
is probable , wolves can cause prob lems , at tacking 
domestic livestock and dogs. However , the negative 
attitude is mostly due to the fact that the wolf is regarded 
by hunters as their compet i tor for wild ungula tes . Since 
ungulate populat ion declined significantly dur ing the las: 
years, hunters blame wolves and lynxes and try to reduce 
number of predators as much as possible. 
j 
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Fig. 4. Population dynamics of t w o semi­aquat ic 
m a m m a l s ­ otter (Lutra luna) and beaver (Castor f iber 1 
in Latvia during the last 30 years (according to the 
official census data). 
S E M I ­ A Q U A T I C 1 \ L \ M M A L S 
Beaver re­introduction properly descr ibed by M. 
Baiodis (1990) . might be regarded as the most prominen t 
wildlife managemen t action in Latvian history. Beavers 
densely inhabited the territory of Latvia since the boreal 
climatic period (ca. S.000 years ago). Drastic decl ine of 
the populat ion caused mainly by over­hunt ing started ir. 
the 17' л century. In 1871 or 1S73, the last beaver was 
killed and for 50 years no beavers were recorded. In 
192" , four European beavers were brought from Norway 
and released in the Kuriand Peninsula. T w o other 
Norweg ian beavers were released in (he northeastern part 
of Latvia in 1935. After World War II, ten beavers were 
brought from Voronezh Reserve (Russia) and about 150 
beavers were displaced from the already successful re­
accltrnatization sites to other waterbodies . Nov: beavers 
are c o m m o n throughout Latvia and their populat ion size, 
according to the exper t ' s estimation (Balodis 19°J) , is at 
least twice as big as the official number (Fig.4). 
Although initial studies of the positive role of beavers in 
habitat i m p r o v e m e n t had been carried out (Balodis 1990. 
1994). the species was more often regarded as a pest in 
regard to forestry and agriculture. In the I9SUs. the 
population was controlled significant!;, by trapping 
beavers for pelts (up to 6.000 beavers per year) . 
Nowadays , h u n t i n g of beavers has been reduced due to 
the collapse of fur market , and the main factor, 
diminishing populat ion growth, is probably preciation by 
wolves (uTipubl. data) . 
The activity of beavers has likely favoured an 
increase in the otter Lulra Intra populat ion, which is a 
currently protec ted species in Latvia (Fig. J), 
F U T U R E P R O S P E C T S 
In Europe , Che most important species managemen t 
and conservat ion problem at the m o m e n t is the status of 
large predators and settlement of interests of bcth 
humans and wild animals ( A n o n y m o u s 1994). The aim 
of studies on carnivores is out of simple scientific 
interest, but they should also provide arguments to 
change the genera l attitude towards predators. lit Lat\ ia. 
the wolf is the main problem species nowadays , which 
urgently n e e d s a sound m a n a g e m e n t policy. At least 
rewards shou ld be abandoned and a closed shooting 
season es tabl ished. However , implementat ion of s\:c\\ a 
goal will defini tely encounter a strong opposi t ion . 
Theremre . each conservat ion action has to be especially 
wel l ­suppor ted by scientific studies. 
In 1997, the first wolf project in Latvia started. The 
aim of the project was to unders tand the real situation of 
the species and the damage it causes. Within the project 
we have al ready collected data on morphology, diet of 
the local wol f populat ion, and to some extent on 
demograph ic and spatial structure с It is information is 
based on ha rves t ed animals). Tins project was finished in 
1999. Such information is essential for creating a 
m a n a g e m e n t plan for the species on the country scale. 
In future, we are planning to extend the study to all 
large predators , including lynx a n d brown bear. The 
northern part of Latvia, along the border with. Estonia, is 
of special interest. The border of the wolf 
micropopula t ion crosses the area ­ in the coastal region 
only lynx occurs , while further inland both species are 
found. Also, along the border with Estonia, appearance 
of brown bear is possible. Thus , it couid be a good are:, 
to study co­ex is tance of all three species of large 
predators. 
Studio­, on large carnivores require international co­
operation ^ A n o n y m o u s 1994). The compara t ive aspect of 
such projects would be of special interest since natural 
conditions even within Europe differ significantly and so 
do management practices. 
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I n t r o i l и e l i о ii 
11­е woi f is a typical r ep re sen t a t i ve of I lie с::п: I v­
o r o u s m a m m a l s o f the caste; : ) B a l t i c . It l ias inhabi ted 
I he land area of p r e s e n t ­ d a y La!1, ia s ine ; live pos t ­g la ­
n . i ! era, da.!::: : brack to the J * mi!lenni tmi ВС (Taur ins 
l "S2;Ti i i ! i i i ei al. I99S) Hiii iut isfr#ve fiom t ime i m m e ­
moria l h e l d i V o f f as his c o m p e t i t o r cli him; m a wild un­
gula tes . M o r e r e c e n t an ;ma! h u s b a n d r y lias only i n t en ­
s i f ied th i s conf l ic t . The nit ticks on d o m e s t i c a n i m a l s 
w e r e the p r i n c i p a l reason why ht;maris e v . ! o n u : n a t e d 
woives . t h o u g h ' t h e i r pel! and meat could he of use (Von 
Ernie ! " S 2 . С л б п н е с к 199!i). O c c a s i o n a l as sau l t s on 
p e o p l e , e s p e c i a l l y ch i ld ren , only a g g r a v a t e d the s i tua­
tion ( К о р ы т ц а 19')0; Ш и л о в 1990: Jhala, Sharma 1997") 
In t h e m o d e r n t :mes , the d y n a n i i c s o f the wolf 
p o p u l a t i o n over t h e most p : ; : t o! its na tu ra l d i s t r i b u ­
t i o n r ange e s s e n t i a l I у d e p e n d s on hun t ing pol icy . A c ­
c o r d i n g t o the h t i n t i n g s t a t i s t i c s , m she 193 0s and 
1 " 6 0 s . 11ю ivnll D n p t i h i t i o n of La tv i a was on the ve rge 
o f ex t inc t ion . It g r a d u a l l y s t ab i l i s ed again by :lie end 
o f the 1 9 7 0 s . D u r i n g the I 9 o 0 s , the wolf p o p u l a t i o n 
w a s s t ab l e and d i s t r i b u t e d even ly i h ^ n c h o u r Latv ia , 
c o n t r a r y to the s i t u a t i o n in m o s t of the c o u n t r i e s of 
wes t E u r o p e , w h e r e wolf w a s fofitui only in Spain una 
I ta ly (Boi tan i 2 0 0 0 ) . In the early 1990s , grea t ly due to 
the c h a n g i n g po l i t i c a l s i t u a t i o n in Latv ia , ihere was 
for s o m e years n o c o n t r o l over the .•..:'! p o p u l a t i o n . 
Viable p o p u l a t i o n s of u n g u l a t e s of the Lite ll)of>:> : it :d 
ea r ly 1990s ciea ted exce l l en t feed r e sou rces f o r e a r m ­
v o r c s . T i n s s a n a t i o n r e s u l t e d in a n o t h e r rap id g r o w t h 
o f the w o i f pop и kit ion, r e a c h i n g n e a r l y 1.0(10 i nd iv id ­
ua l s :n of f i c i i ! s ta th­ t ics . In E u r o p e , the I '^ 'Os a l so 
w e r e nut eii for an i n c r e . i s e m I lie w o i i pi 41 u la lion and 
w i d e n 1 tig of its il 1st rib u! ion r a n g e . As ;i resu l t of na t ­
u ra l m i g r a t i o n , w o l l a p p e a r e d ::i s m h c o u n t r i e s as 
S w i t z e r l a n d . I­ranee, A u s t r i a , e t c . . w h e r e it had been 
a b s e n t for more thai ; a c e n t u r y (Eioitani 2 0 0 0 ) . 
Cut ren t ly , w o l v e s are r e c o g n i z e d as an in t r ins ic 
p a r t and parcel of na tu ra l e c o s y s t e m s , and a n u m b e r 
of count r i es favour its r e ­ in t roduc t ion , hi Latvia , how­
eve r , it is vice versa , w o l v e s are c o n s i d e r e d rj nu i sance 
to be e x t e r m i n a t e d by ail m e a n s p o s s i b l e , r e su i l i ng m 
another aut i ­wolf c a m p a i g n l aunched 1:1 the mid­1990s . 
D H d l I V . I V H 1 . J • n e t 
I STATUS A N D f / ^ G E M E N i r PROSPECTS OF THE W O L F / . . . / IN LATVIA 
A p r o n o u n c e d p o p u l a t i o n d e c r e a s e w a s r e f l ec t ed in 
the g a m e s t a t i s t i c s of l a te 1990s . H o w e v e r , the wol f 
p o p u l a t i o n is not c o n s i d e r a b l y t h r e a t e n e d yet . Sug­
g e s t i o n s a b o u t i n i t i a t i on of s u s t a i n a b l e m a n a g e m e n t 
and c o n s e r v a t i o n s t r a t e g y w e r e c a u s e d by p o l i t i c a l 
cho ice of B a l t i c n a t i o n s o f j o i n i n g the ELI. T h e new 
pol i t i ca l way s h o u l d be a c c o m p a n i e d by d e v e l o p m e n t 
of the n e w e c o n o m y , n e w i n t e r n a t i o n a l l i ab i l i ty and 
new a t t i t u d e to na tu re m a n a g e m e n t . Tha t is w h y in 
con t ro l l ing w o l f we shou ld be gu ided by the g o o d data 
on p o p u l a t i o n s t a t u s r a t h e r than e m o t i o n s . 
The g o a l o f the g i v e n s t u d y is to c o n t r i b u t e to 
the c o n s e r v a t i o n of wolf, d o n e aga in s t the b a c k g r o u n d 
of s w e e p i n g c h a n g e s in the c o u n t r y ' s p o l i t i c a l ami 
economic s i tua t ion . Hereby we inform the m a n a g e m e n t 
an<l p o l i c y ­ m a k i n g i n s t i t u t i o n s a b o u t s o m e spec i f i c 
f e a t u r e s o f t h e p o p u l a t i o n e c o l o g y found o u t in 
w o l v e s of L a t v i a d u r i n g the last t w o yea r s . 
Material and methods 
The age s t ruc tu re of the wol f popu la t ion of halv ia 
was s tud i ed b e t w e e n 1998 and 2(100. T h e Sta le Fores : 
Service he lped us find hun te r s w h o volun tee red ::i p r o ­
viding informat ion on the animals killed and their skulls 
for r e s e a r c h . In i t i a l c o ­ o p e r a t i o n with h u n t e r s was 
started a l r e a d y in 1997 when S t a t e Forest Serv i ce dis­
t r ibuted q u e s t i o n n a i r e s abou t m o r p h o m e t r y c h a r a c t e r ­
istics of shot w o l v e s and the i r d i v i s i o n into three, eas­
ier d e f i n a b l e a g e c l a s s e s : j u v e n i l e s , y e a r l i n g s , antl 
w n l v e s a g e d t w o yea r s and older . P r e l i m i n a r y k n o w l ­
edge a b o u t b o d y w e i g h t , h e i g h t , l eng th as well as the 
length of tail and hind foot w a s o b t a i n e d ( A n d e r s o n e , 
O z o l i n s 2 0 0 0 a ) from the w h o l e La tv i a . T h e a n i m a l s 
used tor the g i v e n s t u d y were c o l l e c t e d b o t h in east 
am! west Latv ia . H o w e v e r , the d i s t r ibu t ion of the sum­
pies co l l ec t ed w a s no! re:illy r a n d o m and d e p e n d e d on 
how s u c c e s s f u l l y it w a s m a n a g e d to m o t i v a t e the I d ­
ea.! h u n t e r s to ass i s t in the r e s e a r c h work . T h e sub ­
sample from the h a r v e s t e d a n i m a l s ( s amp le n u m b e r " 
S4 wulves ) w a s taken s tar t ing from the aultirnn of 19 i ;H 
and untii the s p r i n g of 2 0 0 0 i F i g . 1), and a c c o u n t s for 
19% of the total harves ted an imals in this per iod. Eight­
een "freshly kil ied adul t female w o l v e s of total 3 1 were 
ava i l ab l e for n e c r o p s y . Visual e x a m i n a t i o n of o v a r i e s 
and uterus w a s used to d e t e r m i n e if a female had been 
reproducing (k i rkp . i t r i ck 19XO). Placental scars , swel led 
pos t ­b i r th s i tes in u te r ine horns or fetuses w e r e count ­
ed. T h e u t e r i n e horns w e r e o p e n e d before visua l ex­
a m i n a t i o n . S o m e t i m e s it been m e n e c e s s a r y to press 
them b e t w e e n t w o g l a s s p l a t e s and to look t h r o u g h 
against a l ight s o u r c e . T h e s c a r s of p r e v i o u s p r e g n a n ­
cy s t o o d out as d a r k e n e d p u r p l e or violet s p o t s . To 
t le termiue what p r o p o r t i o n of a d u l t females w a s repro­
Fi<>ure 1. B l a c k d o t s s h o w the i o c a l s t i e s in L a I v i a w h e r e tin; 
w o l v e s , i n c l u d e d in t h i s s t u d y , w e r e h u n t e d l i o i v n . y e a r s 
[99S­2l)L)0. T h e d i s t r i b u t i o n o f f o r e s t ani l a d m i n i s t r a t i v e 
b o r d e r s o f f e r e s try d i s t r i c t s a r e s h o w n in g r e y 
i.luctively act ive , the d a t e , when a w o l f v. as ki l led, was 
lakers into account as welt . Adult females without fresh 
b r e e d i n g e v i d e n c e s in u t e r u s and o v a r i e s from M a r c h 
lilt D e c e m b e r w e r e a s s u m e d as n o n ­ b r e e d i n g . 
To d e t e r m i n e t he a g e of the i iu l iv idua! , e a c h of 
t i n ­ skulls , c o l l e c t e d for r e s e a r c h p u r p o s e s had o r . с 
can ine r e m o v e d and its root ( t ­ t . 5 e m l ong ) s a w n of f 
Г he t o o t h was then p l a c e d back in the j a w in o r d e r 
not to spo i l t i l e t r ophy . T h e nidi v i d u a ) ' s a g e w a s dc­
[er tu ined by c o u n t i n g the n u m b e r of i n c r e m e n t a l l ines 
in the t o o t h , c e m e n t of the given p iece o f too ih root 
T e c h n i q u e s r e c o m m e n d e d by К и п / , et al. ( 1 9 9 6 ) or 
S u t h e r l a n d (2000) and prope r ly d e s c r i b e d by Klevezn l 
were used ( К л е в е п т п , 19So'), i nc lud ing deca lc i f i ca t ion , 
f reez ing , s e c t i o n i n g , s t a i n i n g and m o u n t i n g on a g ia s s 
sl ide for m i c r o s c o p i c e x a m i n a t i o n . 
Official hunt ing s ta t i s t ics available from the m o n ­
o g r a p h by A Kal i ; ins I i ° 4 o ) a b o u t the p e r i o d b e f o r e 
Wo rid \V.i г II w e r e с :Rpa : . . . VN i | h : n о r e r e c e n t ; n f о г 
mtition publ i shed by J. 7.:e;!;ns ( 1 9 9 0 ) and p r o v i d e d by 
Sta te F o r e s t S e r v i c e ( 1 9 9 0 ­ 2 0 0 0 ) . S u p p o s e d l y b iased 
t r ends i;; s ta t i s t ics by any e c o n o m i c a l or pol i t i ca l rea­
son w e r e discussed, on the base o f pe r sona l c o m m u ­
nica t ion with officials who prev ious ly worked on g a m e 
m a n a g e m e n t i s sues ( K r u i o i u s et ;;!.) 
R e s u l t s 
T h e lot;:! sex ra t io in our s u b ­ s a m p l e wt;s 1:1,3 
(ma les : females) . H m\ ever s ta t i s t ica l ly , the di f fe rence 
from equa l d i s t r i b u t i o n w a s not of high .­,.:••.::icancc 
at this sample size ( X : = 0 , S 6 2 ; P ­ 0 . 3 : d . ; > l ; u.s V This 
r a t i o w a s not equa l for ali a g e c l a s s e s (F ig 2) . The 
largest numer i ca l pre d o m i n a n c e o f females over males 
was found wit!:in w o l f c u b s aged up to I year (1 :2 . ­ ; ­
•/• = 1.505; P­'0.25t d.f.= l) and it: the 4''1 year of life (1 :2 ." 
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Individuals 
Imalos • f e m a l e s 
I'iuttire 2. T h e a c e a n d s c ; s t r u c t u r e n f h u n t e d w n l v e s (n~.S4) 
- y; = \, 19X; P'­O.JS; d . i > l : n.s . ) . By the c o m p a r i n g the 
genera l a g e d i s t r i b u t i o n nf all f e m a l e s with t h a t el' 
m a l e s , n o s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s w e r e 
found I 'x*­R­018; P­'­6.5; u.f. =9; n.s . ) . T h e o ldes t wolf 
was 13 y e a r s o l d . Tha t tin:ma 1 a p p e a r e d to be :i stiii 
r e p r o d u c t i v e l y a c t i v e f ema le h a v i n g 6 fresh p l a c e n t a l 
scars a m i l n c t n t i n g till be ing sho t in M a y 
A s s u m i n g that the n u m b e r of fresh p lacen t a l scars 
is eeua l to that of e m b r y o s d u r i n g last p r e g n a n c y , tiie 
ave rage n u m b e r of e m b r y o s p e r female wolf w a s 6 (I 
iu~­H); S D ­ 1 .SO). {•] o n e ease a female wolf w a s shot 
in s p r i n g and 10 e q u a l l y d e v e l o p e d e m b r y o s w e t e 
found in the u t e r u s . T h e wolf w as 5 years old. B e s i d e s , 
no r e l a t i o n s h i p b e t w e e n fertil i ty and a g e w a s found 
in our s a m p l e . R e p r o d u c t i o n e v i d e n c e s (fresh p l a c e n ­
tal s c a r s , l a c t a t i o n , r u t ) w e r e found in S31!о o f IS 
c h e c k e d f e m a l e w o l v e s b e i n g a t least 2 y e a r s old. 
Thi r teen other a d u l t females w e r e not c h e c k e d for tins 
p u r p o s e m o s t l y b e c a u s e of h e a v i l y d a m a g e d i n t e rna l 
o r g a n s . 
Our own e x p e r i e n c e with e s t i m a t i n g wolf a g e con­
firms tha t the a g e was r a the r o v e r than u n d e r e s t i m a t ­
ed by h u n t e r s . T h e r e f o r e we, d e c i d e d to not u s e pre­
l i m i n a r y data o n age s t r u c t u r e of e a r n e r m e a s u r e d 
w o l v e s in this a n a l y s i s but jus t to d e m o n s t r a t e that 
d i f f e r e n c e s in b o d y s i z e b e t w e e n y o u n g a n d a d u l t 
a n i m a l s m i g h t be not r e m a r k a b l e . M e a s u r e m e n t s of 
w o l f b o d i e s were c o l l e c t e d since 1997 w h e n we at the 
b e g i n n i n g m o s t l y used a s s i s t a n c e of h u n t e r s ( see for 
data A n d e r s o n e , O z o l i n s 2000a) . The da ta were poo led 
a c c o r d i n g to a rough e s t i m a t e o f a n i m a l ' s age c l a s s 
by hun te r s and s u m m a r i z e d hi the frame ot о liter study. 
For e x a m p l e , c o m p a r i n g body l eng th , the c u b s a g e d 
up to 1 y e a r w e r e o u t s t a n d i n g as the s m a l l e s t ones 
( ^ j u v e n i l e s / y e a r l i n g s : [ ­5 .0S 1; P­:(1.0 !. O O j u v e n i ­
l e s / y e a r l i n g s : t = 3 . 7 2 4 ; P < 0 . 0 l ) , w h i l e y e a r l i n g s were 
qui te s imi l a r to adu l t s , espec ia l ly in females f ^ ­ ^ y e a r 
l i n g s / a d u l i s : 1 = 2 . 5 3 3 ; P­ ­0 .05 ; 0 0 y e a r l i n g s ; a d u l t s : 
1=1.­411; P>0.1 n.s.) . 
D i s c u s s i o n a n d ( c o n c l u s i o n s 
T h e r e s e a r c h , b a s e d on a s u b ­ s a m p l e f rom the 
h a r v e s t e d a n i m a l s , has i nd ica ted that 
c u l i a r i t i e s in the p a p u l a t i o n s'­ructi: 
there are few pe­
of 
c o m p a r e d to c l a s s i c p a t t e r n s ol t y p i c a l s t ab le or in­
c r e a s i n g p o p u l a t i o n [ О л у м 1975) . At ten t i . i ; : s h o u l d 
be d r a w n to the age d i s t r i b u t i o n , i l l u s t r a t ed by per­
c e n t a g e of the w h o l e s a m p l e p o p u l a t i o n . For the age 
a b o v e 3 y e a r s , the p y r a m i d is r e g a r d e d as o p t i m a l , 
whi le tin insuff ic ient n u m b e r of the y o u n g s t e r s s t ands 
out qui te clearly (Fig . 2) . When add ing up ail adul t fe­
ma les in the r e p r e s e n t a t i v e s a m p l e (n = 3 ! ) and by 
k n o w i n g that Я 3 % of t h e m w e r e c a p a b l e of h a v i n g 
cubs , a n d the uveruetc n u m b e r of o m b r v a s w a s 6, o n e 
ha s to cone . Jl.lt tbieoret ical lv. the n u m b e r of cubs 
in t i icir first y e a r s h o u l d have a m o u n t e d to 154 that 
migh t b e 7 0 % o f die popula t ion . H o w e v e r , she ex i s t ­
ing figures are very different , and cubs o f lite firs: year 
o n l y r e p r e s e n t 2 0 " i of the total h u n t i n g bag . ' [ 'here is 
no r e a s o n lo b e l i e v e that cubs h a v e a b e t t e r s u r v i v a l 
rate than older a n i m a l s d u r i n g h u n t i n g . Ins tead , it m a y 
h,i'.e s o m e t h i n g to do w i t h the m o r t a l i t y of c u b s a n d ' 
or e m b r y o s s h o w i n g r e su l t s dif ferent from the i nd i ces 
of poten t ia l ferti l i ty in females , e s t i m a t e d by c o u n t i n g 
p l a c e n t a l sca r s and e m b r y o s . In a d d i t i o n , the k i l l i n g 
o f p r e g n a n t and i t ic ta t ing females by h u n t e r s a l so re­
d u c e s the n u m b e r of c u b s s u r v i v e d . A d i s r u p t i o n of 
the p o p u l a t i o n s t r u c t u r e , b o t h s p a t i a l a n d s o c i a l . 
Caused by h u n t i n g c o u I d be a r ea son for the e x i s t i n g 
age d i s t r i b u t i o n . It is m e n t i o n e d in the l i t e r a tu r e that 
the spa t i a l d i s t r i bu t ion of wolf is most s t rong ly affect­
ed by the in tens i ty of h o o t i n g . It d i s r u p t s the in tegr i ­
ty of t he p a c k ' s t e r r i t o ry , as the a n i m a l s i nc r ea se t h e : : 
h o m e r a n g e lo a v o i d h u n t e r s ( B i b i k o v 19.S5). T h e io­
ta! w o l f popu la t i on i n c l u d e s a l so i n d i v i d u a l s thai l ive 
sol i tary. Under normal cond i t ions , abou t 6 0 % of all the 
wolves live in p a c k s ( B i b i k o v 19S5). S t a m p i n g out cs­
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t ab l i shcd pricks o f w o l v e s e n l a r g e s t he ra t io o f sol i­
t a ry a n i m a l s , d i s r u p t i n g the b a l a n c e in the s y s t e m 
p r e d a t o r s ­ u n g u l a t e s . F o r s t r a y w o l v e s , e n t e r i n g a 
t e r r i to rv . it m a y t ake y e a r s :c a d a p t t h e m s e l v e s to tlie 
g r o u p i n g s of u n g u l a t e s i he re ( К у л а х т и » 
T h e " r i g h t " s h a p e o f age p y r a m i d of 2 ­ y e a r old 
and o l d e r w o l v e s migh t i n d i c a t e that the na t ive p o p ­
u la t ion o f w o l v e s has r e p r o d u c e d m o r e s u c c e s s f u l l y 
in 1996 and 1 9 9 7 ­ i.e. 3 yea r s a g o . T h i s a s s u m p t i o n 
agrees with the c u r v e of p o p u l a t i o n d y n a m i c s ( F i g . 3) 
and the­ fact t h a t s n o w c o n d i t i o n s in w i n t e r !99f . ' ' °6 
were c o m p a r a t i v e l y hard for u n g u l a t e s p r o v i d i n g rich 
food for w o l v e s in their tu rn . Addi t iona l ly , there might 
be an influx of [hose w o l v e s f rom Bela rus and Russ ia 
[has h a v e j u s t r e a c h e d s e x u a l m a t u r i t y ­ the _VJ aye 
group ­ and are r o a m i n g a b o u t in sea rch of new ter r i ­
tor ies . 
Nearly o v e r tile en t i re range of w o l f ' s d i s t r ibu t ion , 
the n u m b e r of m a l e s is h i g h e r t han females ( R i b i k o v 
: ' ' 85 ; Рябок l l>SX; O b r m a Ш и л о в T h e Mai­
lt:;.:! morta l i ty is higher for females , w h e r e a s m a l e s are 
hunted duv.li m o r e free uci'.tly ( П а в л о в 1990). In La t \ i a 
we I on nil the o p p o s i t e , t he p r e d o m i n a n c e of f e m a k s 
over m a l e s in s e v e r a l a g e g r o u p s , e s p e c i a l l y t he first 
year g r o u p in the h a r v e s t | ! ' i g . 2) . A l t h o u g h t he st . i ­
t istical s i g n i f i c a n c e of t h i s p h e n o m e n o n was v e r y low, 
it :s r e m a r k a b l e tliat females g r e a t l y d o m i n a t e d in 5 of 
the to ta l Id a g e c l a s s e s but m a l e s d o m i n a t e in 4 oulv 
with c o m p a r a t i v e l y lesser numer ica l preva lence A rea­
son m a y be Tint! females d u r i n g the f i rs ' year g e n e r a i ­
!y grow so fast that t hey a l m o s t reach the s ize o f an 
adul t . S o m e t i m e s we p a r t i c u l a r l y r e q u i r e d h u n t e r s to 
report a b o u t s h o t adul t f e m a l e s to r a i se i n f o r m a t i o n 
or. fer t i l i ty in w o l v e s . C o n s e q u e n t l y , y o u n g f e m a l e s 
• 
^ ^ ^ ^ ^ ^ • 1 J ozglinS et a L 
cou ld be m i s t a k e n for a d u l t s and t h e r e f o r e p r o v i d e d 
to r e s e a r c h e r s 
T h e p r o p o r t i o n of f ema le s i n c r e a s e s in tlie p o p u ­
la t ions u n d e r a s t r o n g h u n t i n g p r e s s u r e . It s e e m s t o 
b e an a t t e m p t to c o m p e n s a t e f c r the d a m a g e sus t a ined 
by the p o p u l a t i o n ( B i b i k o v 1 ! : >S5). T h e r e f o r e , w e con­
c luded that p r e d o m i n a n c e of f ema le s in h u n t i n g b : :g 
f r o m La tv i a cou ld be a l s o a c o n s e q u e n c e o f the effect 
o f the h i g h h u n t i n g p r e s s u r e u n l e s s the next y e a r s of 
c o n t i n u e d s tudy migh t conf i rm thai s a m p l e s w o u l d be 
too sma l l to find out the t rue t r e n d s 
Genera l ly , w o l f c a n ac tua l ly to le ra te a h igh hunt ­
ing p r e s s u r e . Bal la rd et a l . (1987) s ta te that first w h e n 
t h e p o p u l a t i o n loss e x c e e d s 3 0 ­ 4 0 % of Llie s i / e of a 
s t ab l e p o p u l a t i o n , d e c r e a s e in n u m b e r s i s una v o i d a ­
b l e . Each yea r f r o m the 1960s unt i l the late 1970s , the 
n u m b e r o f kil led w o l v e s e \ e n e x c e e d e d official ly est i ­
—•— CUUIl!ir<J 
• • tfcK 
П™цго 3. The population 
J) :namICL; о I wolf in Latvia 
(oliiLi.il statistics) Data 
iitv missing for lite W Vv'11 
6.0 ­ir:iL |usm 
m a t e d p o p u l a t i o n s i z e ( b i g . л) Tli i s s i t ua t i on is diff i­
cult to e x p l a i n . 1 he p o p u l a t i o n w a s r e a l l y s m a l l dur ­
ing that d e c a d e . T w o r e a s o n s , w h y the h u n t i n g bag 
w a s h i g h e r than "he e s t i m a t e d p o p u l a t i o n si"/e. c o u l d 
be m e n t i o n e d . Fi r s t , h u n t e r s w e r e i n t e r e s t e d to h i d e 
the real w o l f n u m b e r as poss ib l e resul t of Sovie t r eg ­
u l a t i o n s ; the m o r e w o l v e s c o u n t e d the less s h o o t i n g 
p e r m i t s were i s sued to harves t u n g u l a t e s . S e c o n d , it 
is poss ib l e that the w o i v e s . after t he p e r s e c u t i o n c a m ­
p a i g n in the p o s t ­ w j r p c n o d . c o n t i n u a l l y i n v a d e d 
L a t v i a ' s t e r r i to ry i 'toni R u s s i a , b e c a u s e the h u n t i n g 
miens i tv in La tv i a p r e s u m a b l y w a s h i g h e r than in the 
east , thus provid i r .g m a n y s p a r e a r e a s for i m m i g r a t ­
ing w olv es. and wol f dens i ty in Russ i a w a s bigger . We 
ea;: n o ! tell w h e n e x a c t l y the wol f pop id at ion s t a r t ed 
to r e c o v e r in Latv ia but bv the l a te 1970s (he h a n l i n t ! 
pact o f w o l v e s had i n c r e a s e d c o n s i d e r a b l y . It is s:m­
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piv imposs ib le lo shoo l more than 4(VIA of [he wolf p o p ­
iilatior: (2OO­3U0 a n i m a l s ) and st i l l o b s e r v e a p o p u l a ­
tion i nc rease as s h o w n in F i g u r e 3 . T h u s , it is m o r e 
h k e l y that t h e w o l f p o p u l a t i o n a m o u n t e d to about 800 
ind iv idua ls a l r eady in the e a r l y 1980s . O n e reason for 
the i nc r ea se in p o p u l a t i o n s i z e w a s p r o b a b l y that the 
ungula te p o p u l a t i o n s also w e r e r i ch d u r i n g that p e r i ­
od ( Z i e d i n s 1990) . T h e u n g u l a t e p o p u l a t i o n s w e r e so 
big dur ing t h a t p e r i o d that they c o u l d p r o b a b l y s u p ­
port the i n c r e a s e in the w o l f p o p u l a t i o n w i t h o u t the 
hunters fee l ing any kind of actual compe t i t i on from the 
wolf. Then in the 1990s , (he s i t ua t i on c h a n g e d . As a 
c o n s e q u e n c e of t h e c o l l a p s e of S o v i e t e c o n o m y , the 
ungula te r e s o u r c e s w e r e o v c r e x p l o i t e d . Hunte r s aga in 
e x p e r i e n c e d the w o i f as a s e r i o u s c o m p e t i t o r . T h e 
hun t ing s t a t i s t i c s o f mid 1 9 9 0 s . w h e n 2 0 0 ­ 3 0 0 w o l v e s 
i v e r e killed per s e a s o n , a l l o w us to a s s u m e t h a t the 
popula t ion e s t i m a t e (of a p p r o x i m a t e l y 9 0 0 an ima l s in 
1 9 9 4 ­ 9 0 ) m a d e b e f o r e h a r v e s t i n g (by late s u m m e r but 
not on March. 1 as dec la red off ic ia l ly) w a s correct , s ince 
t h e p o p u l a t i o n t o l e r a t e d w i t h o u t o b v i o u s dec l ine s u c h 
.; h i g h h u n t i n g p r e s s u r e from 1992 til! 199s . H o w e v e r , 
the rapid i n c r e a s e in the w o l f p o p u l a t i o n dur ing t h e 
1990s migh t be not t r u e . W h a t i s m o r e l ike ly , a s s t a t ­
ed earlier, tire wolf popu la t i on h a d already reached IS 0 0 ­
9 0 0 i n d i v i d u a l s in t he e a r l y SOs a n d then it r e m a i n e d 
Stable nut;! 1 9­­<S ; OO " w h e n a l m o s t 4ii0 w o l v e s w e r e 
s h o t . The f o l l o w i n g last d e c h u e i n popu la t i on s : ; ' e oc­
cu r r ed , b e c a u s e t h e c r i t i ca l h u n t i n g p r e s s u r e o f o v e r 
4 0 % was o v e r s t e p p e d . C o n s e q u e n t l y , in t he past few 
y e a r s there b u s b e e n a d e c l i n e in t he woif p o p u l a t i o n . 
The r e c e n t p e r i o d is n o t e d for a t endency t o w a r d s 
f r a gmen ta t i o n of t h e range i n h a b i t e d b y w o l f (Fig . 4) . 
Nor th K u r z e m e (no r th ­wes t Latvia) and Latga le ( south­
c a s t ) arc b e c o m i n g (he r e g i o n s w h e r e the d e n s i t y of 
w o l f is h i g h e s t . T h e s p a r s e l y f o r e s t e d Z e m g a l e Phi in, 
l y ing b e t w e e n t h e a b o v e m e n t i o n e d r e g i o n s , h a m p e r 
east ­ wes t m i g r a t i o n of w o l v e s . A p p r o x i m a t e l y o n e 
thousand y e a r s ago wolves l ived m ihe open l a n d s c a p e 
(Bib ikov 1985) . T h e fact t ha t w o l f has b e c o m e a t yp ­
ical forest d w e l l e r is o f l e s s i m p o r t a n c e h e r e . N o w a ­
d a y s , in Ппгоpc t h e fores; is the m o s t es sen t i a l h a b i ­
tat for woif. where it f e e l s safe, ff the isolat ion be tween 
the two p o p u l a t i o n s will inc rease , r educ ing the gene t i c 
diversity o f woif [Rriudi 1993) may be a result . Alreadv 
n o w ;he i n o r p h o m c t i ie d a t a of s k u l l s show­ ; h c i n d i ­
v i d u a l s o f t h e e a s t e r n p o p u l a t i o n to he b i g g e r than 
wes te rn o n e s . A n d e r s o n e . ( A / . ! : : ; . < 2000b) . 
In c o n c l u s i o n w e p r o p o s e ce r t a in i m p r o \ e m e n t s 
m t h e m a n a g e m e n t s у S t e r n of \v o! v es m La tv i a fit 11:14 
b e t t e r into the c o n t e x t o f m o d e r n s p e c i e s ' c o n s e r v a ­
t ion r e q u i r e m e n t s . 
• T h e h u n t i n g sea son s h o u l d b e c l o s e d b e t w e e n 
•April 1 a n d A u g u s t 3 1 . In this s e a s o n , woif . u p o n 
j . o z c l i n S e t a l . 
llun£lc£ UU«Q I99S-I9??. [fDIU 1^Г>9. 
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F i g u r e 4 . The l i i s i r l h i i t l e i i o f w o l f in L a t v i a for tl ic s t u d y 
p e r i o d . "The b i g g e r d a r k c i r c l e s s t a n d f o r t h e l o r e s I d i s t r i c t s 
w h e r e m o r e l h a n o n e w o l f w a s k i l l e d : t h e f o r e s t d i s t r i c t s 
w h e r e o n l y o n e w o l f w a s h a u l e d a r e m a r k e d b y s m a l l e r d a r k 
c i r c l e s ; t h e white c i r c l e s denote t h e f o r e s t districts w h e r e 
w o l v e s . ire r e c o r d e d bi l l n o n e l i i i n l e d d o \ M i 
d r a w i n g u p a s t a t emen t :;s prov ided by t he r egu la t ions , 
m a y b e h a r v e s t e d only ;n the p l a c e s it h a s in f l i r ted 
d a m a g e , or when found in h u m a n s e t t l e m e n t s , or a t ­
t a c k i n g d o m e s t i c a n i m a l s and man ( t h e state 11 ie:;l i s 
drawn up post :.ю.'.ч»! af te r the w o l f is k i l l e d ) . 
• In spec!:d!y p r o t e c t e d a reas w o l f h u n t i n g is al­
lowed o n l y with a pe rmi t o f the M i n i s t r y »f E n v i r o n 
m e n i a l Pro tec t ion and R e g i o n a l D e v e l o p m e n t (for re­
s ea rch p u r p o s e s , in p l a c e s , w e r e wo!( has in f l i c ted 
ser ious d a m a g e , e t c . ) . 
" ( I p p e r tun it v to c o l l e c t wo It c a r c a s s e s tor tor­
t i ter i n v e s t i g a t i o n s s h o u l d b e g u a r a n t e e d by law. 
There fore , t h e fact of h u n t i n g down a wolf m u s t , viithin 
3 days , b e repor ted to t he nea re s t Fores t Distr ic t Of­
fice. A case of acc iden ta l ly ki l l ing a wol f o r f inding it 
d e a d ( r u n down, ki l led d u r i n g uu a s s a u l t to l i ves tock , 
) m u s t , wi lhm a d a y . be r e c o r d e d b y d r i v i n g u p 
s t a t e m e n t and r e p o r t i n g to the r e s p e c t i v e F o r e s ; D i s ­
trict Office. 
I S f A T U S A N D W N A G W i N r PROSPECTS O F T H E WOLF I.J IN LATVIA 
• H u n t i n g q u o t a s o n w o l f shou ld be i n t r o d u c e d 
a long with t h e d e m a n d for c o m p l i a n c e with t he a b o v e 
p r o v i s i o n s . F o r the t i m e b e i n g it is dif f icul t to es tab­
lish def in i t e h u n t i n g q u o t a s , s i n c e it is i m p o s s i b l e to 
e v a l u a t e the effec t of c losed season for wolf, more ­
over, we h a v e no m e a n s of c o m p a r i s o n as i n Latvia 
the w o l f h a s o v e r c e n t u r i e s b e e n p e r s e c u t e d w i t h o u t 
any r e s t r i c t i o n s . VVc s u g g e s t that the c u r r e n t p o p u l a ­
tion s ta tus a n d the r e su l t s o f the h u n t i n g s e a s o n o f 
I999/2000 s h o u l d be set as a b e n c h m a r k in this respect . 
T h i s is p o s s i b l e as the p r e s e n t p o p u l a t i o n d e n s i t y 
poses no s i g n i f i c a n t d a n g e r to the a n i m a l h u s b a n d r y 
and most of i h e h u n t e r s ' c o l l e c t i v e s s e e m a c c e p t i n g 
it, too . At t h e same t ime , t he very e x i s t e n c e of the 
spec i e s is no t u n d e r a th rea t , e x c e p t for p o s s i b l e i s o ­
la t ion b e t w e e n the e a s t e r n a n d w e s t e r n m e t a p o p u h i ­
t ions . All t h i s imp l i e s that for the h u n t i n g s e a s o n to 
come there i s no s p e c i a l r e a s o n to d e c r e a s e t he hunt ­
ing quo ta for w o l f c o m p a r e d to the p r e v i o u s sea son 
l'15'J i n d i v i d u a l s ) . As we h a v e no e x p e r i e n c e o f how­
to d i v i d e t he h u n t i n g quo ta b e t w e e n the r e g i o n s o f 
the coun t ry , a n d t a k i n g m U > a c c o u n t that p o p u l a t i o n 
m i g r a t i o n c a n lead to a high c o n c e n t r a t i o n o f wolf in 
some l o c a l i t i e s , it :s s u g g e s t e d that the h u n t i n g sea ­
son shou ld b e c l o s e d as s o o n as the n u m b e r of the 
p r e v i o u s s e a s o n is h u n t e d , but not l a t e r t han by 
March. 3 1 . T h i s can only he d o n e if t he S t a t e Fores! 
Serv i ce s u m s up the (unit ing data on a r e g u l a r bas i s 
and the h u n t e r s in form the fores t a u t h o r i t i e s on t h e 
hunt ing r e s u l t s with in 3 days . T h e hunt ing data should 
he l i nked to t h e m o n i t o r i n g r e s e a r c h for t h e g iven 
s p e c i e s . In t h e f u t u r e , w h e n a c l e a r p i c t u r e of t h e 
p o p u l a t i o n s i z e is a v a i l a b l e , b u n t i n g q u o t a s may b e 
ei ther i n c r e a s e d or reduced In addi t ion to c h a n g i n g the 
dura t ion of t h e h u n t i n g s e a s o n . 
• A un i f i ed formal p r o c e d u r e must be e s t a b l i s h e d 
for repor t ing , r e c o r d i n g and c h e c k i n g the d a m a g e done 
by c a r n i v o r e s . In [he loca l i t ies , where r egu l a r s u b s t a n ­
tial d a m a g e is inf l ic ted by c a r n i v o r e s , s p e c i a l s h o r t ­
term h u n t i n g p e r m i t s may b e i s sued , thus l e g a l i s i n g 
the h u n t i n g , c o n e o u t s i d e the t ime f rame o f t he hunt ­
ing s e a s o n . A t the s a m e t i m e , s o l u t i o n s s h o u l d be 
sought for c o m p e n s a t i n g the d a m a g e caused by wolves 
t o t h e d o m e s t i c an imal ho lde r s . Priori ty shou ld be e;v­
en. and the c o m p e n s a t i o n m e c h a n i s m t es ted first o f 
al l . in r e l a t i o n to pro t ec t ed a r e a s . 
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СТАТУС ВОЛКА CAMS LUPUS L. II ПЕРСПЕКТИВЫ УПРАВЛЕНИЯ ЕГО 
ПОПУЛЯЦИЕЙ В ЛАТВИИ 
Я. Ош'шньш, Ж. Андерсоне. А. Пупилз 
Ре.'«ми 
Волки п Латп:ш пег:да считаете:» «ре j . r гелями, которых следует истреблять нееми иозмоллнамн метелями. С !998 
по 2000 IT. от добытых лшпотных собирали образны, чтобы и з у ч и т ь влияние неограниченного ирсслелопаиня нл 
популяцию к о л к а . Ч т ё м определить репродуктивное состояние сам ок. ир< ч;< лилось лабораторное и (учение яичников 
и млток. Б рогах матки нодечнтывалоеь число плацентарных пятен или эмбрноио». Bcopaer зверей определяли по 
числу л и н и й прироста п зубном цементе. Основные демографические показатели были следующими:: соотношение 
м е ж д у самцами я самками ­ I : 1,3 m = S 4 V среднее число эмбрионов на самку ­ 6.0 (п = 10: S D = 1.8У>. Долл 
сеголеток n т я г о й пробе меньше чем о жил ал ось. учпо,тал ллолов.ггость самок. Высклзлио предположение, что 
неограничен law о х о т а се ра кается и половозрастной структуре популяции волка. Приводятся предложения, касающиеся 
унрлгшеипя популяцией полка с п peai (о:: о ж: I г и.ч и ю меньшим негативным нднлннем на ее структуру. Г / К Ш Н Ы О Д 
мероприятиями мог.чи­бы служить заорет о х о т ы на сезон размножения и система онерлтииного пссопшего прекрзшеипя 
охотм ил волков после пы полис ми ч прелусмлтр и пасмой н о р м ы отстрела. 
К л ю ч е в ы е слова: гюлк. охота, структура популяции, охрана нилк­
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Abstract: Since the I9'! 1 century, major human -
wolf (Canis lupus) conflicts in the Baltic States 
(Latvia. Lithuania Estonia) have included livestock 
depredation, attacks on humans, competition for wild 
ungulates, and spreading of diseases. Damage to 
livestock varies by wolf population size and 
traditional livestock keeping techniques. Wolves 
impact wild ungulates and contribute to natural 
cycles of trichinosis and rabies. There is an urgent 
need for compromise from diverse interest groups to 
reduce human - wolf conflicts in the Baltic States. 
Key words: Canis lupus, conflict, depredation, 
diseases. Estonia, human. Latvia. Lithuania, wolf 
Historically, wolves have always been in opposition 
to human interests (Boitani 1995). The reasons for 
hatred of wolves are both secular and psychological, 
which has led to the worldwide focus on 
extermination of wolves (Lopez 1995). In the present 
territory of the Baltic States (Estonia. Latvia, and 
Lithuania), the wolf has coexisted as a part of 
thertofauna with humans since the last glaciation 
(Taurins 1982. Timm et al. 1998). In contrast to most 
western European countries, where the species was 
eradicated in the Middle Ages, the wolf has survived 
successfully in the East Baltic, although the species 
experienced considerable fluctuations from near 
eradication to > 1000 individuals per country (Fig. 
1). This paper analyzes the major aspects of human -
wolf conflicts in the East Baltic since the middle of 
the mid-19th century to the present. 
WOLF - HUMAN CONFLICTS IN THE I9TH 
CENTURY 
Although wolves have always inhabited the East 
Baltic, the first reliable information about their 
population and damage was available as late as the 
early 19th century. In 1839. the largest number of 
wolves hunted (523) was in northern Latvia (Ristals 
1994). In only 2 provinces of Lithuania (Kaunas and 
Vilnius), about 3.300 wolves were exterminated 
between 1847-52 (Kontrimavicius 1988). Such a 
high hunting bag indirectly indicated one of the most 
significant increases in wolf population in the Baltic 
States. Consequently, wolves caused increased 
livestock depredation. In 1822-23. wolves killed 
28.297 sheep, cows, horses, and other livestock 
(Greve 1909). In 1825. in the Livland province 
(northern Latvia and part of Estonia), livestock losses 
due to wolves increased to 29,625 individuals (Table 
I). 
Wolves also caused human deaths, mainly of 
children. The Livland region in the I 9 t n century 
Russian Empire had the most wolf attacks on humans 
(Korytin 1990) The last documented case occurred 
in 1873 in Estonia (I. Rootsi. Institute of Forestry. 
Tartu. Estonia, personal communication) when a 7-
year-old boy was killed. Those wolves may have 
been inflicted by rabies, but it is possible that even 
healthy animals could target people as easy food 
(Jhalaand Sharma 1997). 
STATES IN THE 20TH CENTl RY 
As a result of intensive extermination in the mid-19th 
century, wolf numbers have decreased significantly 
In I860, only 60 wolves were hunted in Livland 
(Greve 1909). In 1923. 311 wolves existed in Latvia, 
but the number fell to 17 World War II (Kalnins 
1943). The next peak in the wolf population was in 
1948-50 (Fig.I): in 1948. there were 1.725 wolves in 
Lithuania (Giniunas 1988). This increase may have 
occurred because wolves are ignored during times of 
war and political instability (Jedrzejewska et al 
1996). Increases in wolf number together with 
decreases in wild prey species resulted in increased 
livestock depredation (Table I). In Russia, wolf 
attacks on humans were also observed in the post-war 
period (Pavlov 1990). Data on livestock damage is 
incomplete, available only for livestock covered by 
insurance programs. For the same reason, damage to 
subadult livestock was also underestimated. No 
precise data exist on the level of wolf depredation in 
all 3 countries of the Baltic Slates because there are-
no compensation programs and no central database 
on insured animalsSurveys. carried out only in 
selected areas, reveal that sheep and dogs are preyed 
upon mainly (Table 1). 
Damage to livestock is related not only to wolf 
numbers but also to changing animal husbandry 
techniques. Until the World War II 3 main methods 
were used: livestock was kept in large guarded herds, 
smaller unguarded herds, or a few animals near the 
farm Combined herds, more widespread in 
Lithuania, were driven by a herdsman and several 
helpers. The herds wore often guarded by dogs and 
for the night were led back to the village. In Russia, 
such helpers were sometimes attacked by wolves 
(Korytin 1990). Keeping livestock near a farm more 
typical in Latvia and Estonia. Also in these cases, 
livestock was kept inside at night. In the former 
Soviet Union, collective farms used the same 
International Wildlife Management Congress 
Fig. I. Wolf population fluctuations in Estonia. Latvia, and Lithuania in 1954-98 (according to official inventor, 
data from the national State Forest Services). 
techniques of fences and herds driven by people, but 
with less care. Dead animals were not buried 
properly, thus attracting predators. Attracting wolves 
to food at garbage sites and hunters' baiting stations 
can explain the high proportion of domestic animals 
(about 30%) in the winter diet of wolves in Lithuania 
(Prusaite 1961). 
Most livestock are preyed upon in late summer or 
autumn when adult wolves start teaching their young 
to hunt. Surplus killing is typical for this period. In 
August 1997 in eastern Latvia. 13 sheep were killed 
in one night, and only 2 of those sheep were used. In 
Estonia, according to a farmer who documented 
losses since 1995. maximum damage occurred in 
September 1997. Opposite is true for depredation on 
dogs, which are attacked more often in winter when 
wolves take chained guard dogs directly from yards. 
Since the early 1990s, reprivatization of land 
caused livestock to be more exposed to large 
predators. Some of the land that people reclaimed 
was far from their farms, and therefore, livestock 
were not driven back to farms at night, thus leaving 
them guarded. Hiring a herdsman for a small herd 
was not economically feasible, so wolves could 
obtain an easy source of food. Livestock on private 
farms are attacked by wolves when left outside at 
night near a forest. However, in Latvia an analysis of 
8 attacks showed that 5 happened during the day and 
only 3 at night. In another analysis. 9 attacks 
happened in a yard or in a fenced area while 10 
attacks occurred at > 100 m from the home. Larger 
samples are needed to draw conclusions. Stray dogs 
are partly responsible for the depredation, but their 
contribution is not known in these data. 
After an anti-wolf campaign in the 1950s, wolf 
numbers decreased to an all-time low (Fig.l). Wolf 
numbers started increasing in the mid-1970s and 
reached another peak in the 1990s after political 
changes weakened wolf control. An important factor 
promoting an increase in wolf populations was 
abandoning former agricultural lands As the land 
became overgrown with shrubs, they provided 
additional refuge for wolves. 
Another human - wolf conflict has developed: 
competition for the game mammals. Hunters have 
blamed wolves for decreases in wild ungulates since 
the early 1990s. However, poaching has occurred at a 
high level since the early 1990s, even with high bag 
limits. Thus, depression in wild ungulates may have-
been the result of cumulative impacts. 
Roe deer is the species most vulnerable to wolf 
predation in Latvia and Lithuania (Prusaite 1961. 
Andersone 1998a.b). In Latvia, the proportion of roe-
deer in the summer diet of wolves was 65%. of which 
fawns constituted 31% (Andersone 1998a). In 
Estonia and Latvia wild boar is a preferred prey 
(Andersone 1998b: Valdmann et al. 1998) High wolf 
numbers can reduce population growth of wild boar 
to 15% per year (H. Line. University of Tartu. 
Estonia, personal conmunication). The influence of 
wolf predation on noose is insignificant in both 
Latvia and Lithuania (Prusaite 1961: Andersone 
1998b). but in some parts of Estonia moose are 
important prey for wolves (Valdmann et al. 1998). In 
Lithuania, wolf predation is one of the factors 
preventing successful introduction of mouflon (jQyis 
ammon). 
The third reason for human - wolf conflict is 
potential danger to public health. Wolves are vectors 
of trichinosis and rabies. In Latvia during the last 10 
years, an average of one rabid wolf/year was found 
In southeastern Lithuania there have been 
1.2 Human - wolf conflicts Andersone et al. 3 
Table I. Species composition (percent) of livestock 
attacked by wolves in Latvia and Estonia in 1 9 t h and 
20 I n century, "n" refers to the number of wolf 
.macks. 
Species Latvia 3 , Latvia 0 , Estonia, 1953 
1825 1997 - 1999 - 1962 
n = 29,625 n = 1 8 8 n = 6.864 
Horses 10.4 0.5 6.9 
- foals 4.2 
• adults 6_2 
Cattle 8.6 19.7 19.3 
- calves 2.5 
- adults 6J 
Sheep 53.7 55.3 73.8 
- lambs 2.5 
- adults 5L2 
Goats 8.5 0 0 
- kids 0.6 
- adults 7_9 
Pigs 15.2 0 0 
-piglets 14.1 
- adults И 
Dogs 2_l 23_4 0 
Poultn 0 1.1 0 
a Data from Livland. which included northern Latvia 
and pan of Estonia (Ristals 1994). 
Ь Data from surveys in selected areas combined with 
data from Dundurs (1999). 
documented cases of rabid wolves attacking humans 
(Giniunas 1988). Estonia seems to be free from rabid 
wolves, but in the neighboring Pskov Region of 
Russia. 11 people were bitten by rabid wolves in 
1997. Wolves can also suffer from the sarcoptic 
mange (Pavlov 1990). However, of 348 wolves 
investigated in Latvia from 1997-99. only 2.9% had 
signs of mange (Z.Andersone and J Ozolins. State 
Forest Inventory Institute, unpublished data). 
FUTURE PROSPECTS 
The Baltic States are just beginning scientific 
research on large carnivores, and serious 
investigations have not been carried out for at least 
several decades. Wolves were (and still are) treated 
as pests. Long-term management of the population of 
a species as complex as the wolf cannot rely only on 
removal of animals, other factors, including public 
attitudes and interests, need to be addressed. In 
Latvia, bounties for hunted wolves have been paid 
since 1997. At present, wolf numbers have stabilized 
or are even decreasing following strong hunting 
pressure. Currently, human interests demand 
regulation of wolf densities, especially to protect 
wild ungulates at an economically acceptable level. 
However, control of wolves should occur with some 
restraints (cancellation of bounties, closed hunting 
seasons, and quotas). Management plans for large 
carnivores, including wolves, have been developed in 
Estonia and Latvia. These management plans should 
establish principles of sustainable population 
regulation for carnivores. 
One method to protect wolves is to change public 
attitudes by making the species a valuable game 
animal, which has already happened in Estonia. In 
Latvia, skulls of wolves are traditionally regarded as 
precious trophies. In Lithuania, the latest trophy 
exhibition showed 9 wolf skulls, all hunted between 
1996-98 (Anonymous 1998). Trophy exhibitions can 
be a good indicator of population status and can 
serve as a tool for public education regarding wolf 
management. Economic incentives can be used to 
encourage hunters to support wolves on their hunting 
lands. For example, hunting clubs, which own land 
used by wolves, could pay reduced rent for the land. 
These incentive could help lessen the negative 
attitude among hunters and heavy hunting pressure 
on wolves. 
One important issue is compensation for livestock 
damage. Compensation must occur simultaneous!) 
with public education, which includes teaching 
farmers techniques for livestock protection (using 
fences, guarding dogs, and keeping livestock indoors 
at night). Education of the public is also essential to 
create balanced attitudes toward the wolf, free of fear 
and prejudice. 
Because these conflicts with wolves are varied, 
several target groups need to be addressed in 
resolving them- the public, hunters, farmers, 
scientists, and nature conservationists. Each group 
has different attitudes toward wolves, ranging from 
extremely negative (farmers) to strongly protective 
(conservationists). To reduce conflicts between 
humans and wolves, there is an urgent need for 
compromise among the different groups, which 
requires a multifaceted approach and further 
scientific studies on the species. 
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1.3. Discuss ion and conc lus ions 
The population development of wolves observed in Latvia is similar to that from 
the other Baltic countries (Блузма 1990, Bluzma 1999, 2000, Valdmann 2000). Peak wolf 
numbers were reported from the middle of the 19 t h century (KalninS 1943), also from 
Russia and Norway (Elgmork 2000). Wolf density in Latvia is relatively low compared to 
other localities - about 4.6-7.7 ind./ЮОО km 2 , while in an exploited population in Belarus 
it was 9-15, and in non-exploited population in Poland - up to 72 inividuals, averaging 
20-26 ind./ЮОО km 2 (J?drzejewska et al. 1996a, Smietana and Wajda 1997, Okarma et al. 
1998). Northern regions with poor productivity usually support much lower densities of 
wolves (Bibikov 1985). Wolves' present distribution in Latvia covers nearly the whole 
country (see chapter 1.2.2.), although in the depression phases of the population their 
distribution was significantly more limited (Appendix 1). 
Data on the pack size in Latvia are insufficient and based on a few observations of 
relatively large packs (n = 15, average 5.8 ind./pack), while small packs seem to be more 
common. Fragmentation of packs is caused by the heavy hunting pressure (Haber 1996, 
Okarma et al. 1998), low wolf density resulting in a smaller pack size (Калецкая и 
Филонов 1987). The difference in pack size between harvested and non-exploited 
populations can be almost twofold (Okarma et al. 1998). 
In addition to the hunting-caused mortality, indirect mortality is a consequence of 
the current all-year-round open season. Elimination of pregnant and lactating females 
from the population may add to wolf mortality, although some successful rearing cases by 
a single mate are known from areas with favourable feeding conditions (Boyd and 
Jimenez 1994). 
Although data on litter size from Latvia were fragmentary (based on 7 known 
litters), they showed a great similarity to the data obtained from placental scars (number 
of embryos) — 6.6 and 6.0 accordingly, indicating that the latter method is a reliable 
estimate of the species fecundity. Litter size varies a lot depending on the local conditions 
and the population structure (Гептнер и Наумов 1967, Формозов и Голов 1975, 
Ватолин 1983, Danilov et al. 1985). Fecundity tends to increase when wolf density 
decreases (Рябов 1988). Unfortunately, the small sample size did not allow analysis of 
changes of fecundity in time or within the wolf range in Latvia but T-test so far showed 
no significant geographic difference between the east and west of the country in terms of 
the age composition. I'urther studies are needed to check the hypothesis about the 
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difference in average age composition between wolves from the Kurland Peninsula and 
the rest of the country. 
Also, there are indications that the female bias in sex ratio increases in heavily 
exploited populations (Smirnov and Korytin 1985), although normally male 
predominance is observed (Prusaite 1961a, Ватолин 1983, Smimov and Korytin 1985, 
Jedrzejewska et al. 1996a). In Latvia, the proportion of females was higher among the 
wolves harvested in the last few years characterised by the exceptionally high hunting 
pressure. However, at the present stage, it is impossible to conclude whether it was a 
compensation for the increased mortality in the population or a result of potentially 
selective hunting. Further studies on the population demography are required before any 
final conclusions can be drawn. 
Nowadays, human - wolf conflicts in the Baltic countries are mainly about 
competition for wild ungulates with hunters who blame wolves for the decline in ungulate 
populations (Gaross 1994). Livestock depredation problems are negligible compared to 
those elsewhere (Linnell et al. 1996). They are seasonal and / or local and the damage 
caused is relatively small due to the fact that animal farming is currently in depression. 
Most of the depredation cases could have been easily prevented by using certain 
preventive measures like night confinement and fences. 
It can be concluded that: 
• Wolves are currently widely distributed, relatively numerous and not 
threatened in Latvia; 
• Several features are indicative of over-exploitation of Latvian wolves, i.e., 
recent numerical and distribution decline, high fecundity, prevalence of 
females and low proportion of old animals in the population; 
• Damage to livestock is negligible and can be avoided by applying proper 
husbandry techniques; 
• Rabies is relatively uncommon in wolves, and by controlling medium-sized 
predators, wolves may help to control rabies; 
• The main wolf - human conflict nowadays is competition for prey (ungulates) 
with hunters; 
• Management practices for wolves should be changed in order to ensure a 
sustainable harvest of the species rather than the maximum reduction of wolf 
numbers. 
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2. Morphometries of wolves from Latvia 
2 .1 . In troduc t ion 
Morphology of the wolf varies considerably within its distribution in terms of the 
pelt colour, body size and cranial characteristics (Sokolov and Rossolimo 1985, Mech 
1995). As morphology is one of the criteria used in taxonomy (Sokolov and Rossolimo 
1985), case studies are essential. In the Baltic countries, however, the only detailed study 
on the morphology of wolves was carried out in Lithuania in the late 1950s (Prusaite 
1961b). The current study is the first attempt to obtain information on the current 
morphometrical parameters of wolves in Latvia. 
Despite the fact that the wolf is regarded as a pest in the Baltic countries, it is a 
game species whose trophies (pelts and skulls) are very much valued by hunters (Prusaite 
et al. 1985). The high number of gold medal trophies from Latvia (Anonymous 1999) 
indirectly indicates to the presence of large wolves in the population. Exceptionally heavy 
wolves (up to 82 kg) were occasionally reported from the Baltics (Мятинг 1965 after 
Prusaite et al. 1985). Such a popularity of wolf trophies facilitated data collection. Wolf 
skulls from private collections (most from the 1990s, and a few from the 1980s) were 
used for craniometrical examination, while body parameters were measured according to 
a specially designed questionnaire for wolves harvested in 1997-2001. 
The aim of the study was to investigate craniometrical and morphometrical 
parameters of wolves in Latvia, to determine whether they display any geographical 
variations within the country and to compare them with wolves from the neighbouring 
countries. Also, demographic structure and several non-parametrical morphological 
features of harvested wolves were analysed. 
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Morphometrical characteristics of wolves Canis lupus from Latvia: experience of 
hunters' involvement in data collection 
Zanete Andersone. Janis Ozolins 
Kemeri National Park, "Meza maja", Kemeri - Jurmala. LV-2012. Latvia, e-mail: 
zanete.a@delfi.lv: fax: +371-7765040 (ZA): State Forest Service. 13.Janvara Str. 15. 
Riga, LV-1932, Latvia (JO) 
Abstract 
In 1997 - 2001. a study of wolf Canis lupus Linnaeus. 1758 morphometries (body 
metrical parameters and weight) has been carried out in Latvia by investigating harvested 
individuals. Hunters were involved in data collection, being obliged to precisely measure 
body size and weight and to note peculiar individual features of harvested wolves like 
injuries, signs of scabies etc. In total, 496 wolves were measured according to the 
questionnaire developed by the authors. Mean body length (without tail) of adult males 
was 117.7 cm, that of females - 109.8 cm. Mean body weight (whole carcass) of adult 
males was 41.2 kg, and 34 kg for females. Mean body height of males was 77.3 cm, 
females - 71 cm. Wolves were divided into three age classes - < I year, 1 - 2 years old, > 
3 years on the basis of tooth wear and the size of the individual. Age structure of the 
harvested wolves was biased towards adult animals, which constituted 71.7% in males 
and 53.9% in females. Sex ratio of harvested wolves was close to one with a slight 
T a b l e 1. M o r p h o m e t r i e s of adul t w o l v e s h u n t e d in La tv ia in 1 9 9 7 - 2 0 0 1 . S a m p l e s ize ( N ) , a v e r a g e v a l u e ( X ) , m i n i m u m ( M i n ) and 
m a x i m u m (Max) v a l u e s , s t a n d a r d d e v i a t i o n (SD) and the rat io o f sexua l d i m o r p h i s m are shown. Statistical difference between males 
and females is given (* - p < 0.05, ** - p < 0.01). 
Parameters Males Females Sexual 
measured N X Min Max SD N X Min Max SD dimorphism 
Weight (kg)** 66 41.2 25.7 67 7.7 46 34 16 52 6.1 0.825 
Body height (cm)** 173 77.3 62 108 9.5 134 71 54 85 5.9 0.918 
Body length 
without tail (cm)** 
173 117.7 148 78 11.5 131 109.8 71 140 12 0.933 
Tail length (cm) 173 42.6 26 65 11.2 131 40.8 30 56 5.3 0.958 
Total length (cm)** 173 159.2 119 201 11.7 132 150.5 1 12 180 13.2 0.945 
Foot length (cm)** 171 27 17 36 11.2 127 24.3 10 34 3 0.900 
Ear length -
front edge (cm) 
174 15.3 8 18 12.2 128 13.4 9 18 1.9 0.876 
Ear length -
rear edge (cm) 
168 12.2 5 15 12.1 1 22 10.6 5 15 1.8 0.869 
Table 2. Weight and body measurements of subadult wolves hunted in Latvia, 1997-2001. Sample size (N), average value (X). 
minimum (Min) and maximum (Max) values, standard deviation (SD) and ratio of sexual d imoфhism are shown. Statistical difference 
between males and females is given (* - p < 0.05, ** - p < 0.01). 
Parameters Males Females Sexual 
measured N X Min Max SI) N X Min Max SD dimorphism 
< 1 yr. old 
Weight (kg) 10 26.5 18 37.1 6.2 7 23 16.4 34.5 7.2 0.868 
Body height (cm) 36 61.4 48 80 8 41 63 40 78 8.7 1.026 
Body length without tail (cm) 36 94 68 121 13 41 96.2 49 129 14.8 1.023 
Tail length (cm) 36 35.8 24 46 5.1 41 35.4 22 55 6.6 0.989 
Total length (cm) 36 129.9 97 166 16.1 41 130.9 94 170 17 1.008 
Foot legth (cm) 35 22.8 15 29 2.7 41 22.6 11 29 3.2 0.991 
Far length - front edge (cm) 36 12.9 9 15 1.7 41 12.6 8 16 1.8 0.977 
Far length - rear edge (em) 36 10.6 7 13.5 1.4 40 10.1 5 12.5 1.7 0.953 
1-2 yrs. old 
Weight (kg) 9 28.8 22.7 39 5.7 25 29.7 16.4 52 6.3 1.031 
Body height (cm) 32 69.9 54 82 6.3 75 68.7 50 81 5.7 0.983 
Body length 33 111.6 84 144 13.3 75 107.2 74 138 10.5 0.961 
without tail (cm) 
Tail length (cm)* -> -> J O 41.5 34 50 4.6 75 38.8 13 54 6.5 0.935 
Total length (cm)* 33 153.1 121 185 13.6 74 146.2 107 192 12.3 0.955 
Foot legth (em)** 33 25.3 21 34 2.5 73 23 13 32 2.8 0.909 
Ear length - front edge (cm) 33 13.5 1 1 17 1.5 72 12.9 6 16 2.3 0.956 
Far length - rear edge (cm)* 32 10.9 7 13.5 1.4 72 10 4 13 2 0.908 
Table 3. Weight (kg) and the main body parameters (cm) of wolves from different 
countries. ' - current study: : - Prusaite 1961; ' - Valdmann et al. 1998: 4 - Sokolov and 
Rossolimo 1985: 5 - Geptner and Naumov 1967; 6 - Novikov 1956; 7 - Sokolov and 
Rossolimo 1985 
Parameter Sex Latvia1 Lithuania2 Estonia' Belarus' Belams 
(Bialowieza)' 
Middle 
Russia" 
Ukraine 
Body 66 41.2 44.5 42 34.8 34-49 36 
weight 46 
I f 34.0 38.0 36 29.2 30-42 29 
Body 66 117.7 125.7 130 119 _ 121 
length 22 109.8 120.5 - 128 111 - 115 
Tail 66 42.6 42.1 - - 41 - -
length 22 40.8 40.5 - - 40 - -
Foot 66 27.0 26.2 - - 25 - -
length 22 24.3 23.6 - - 23 - -
Figure captions 
Fig.F Measurements scheme used by hunters to measure harvested wolves in Latvia, e-f: 
total body length: g-f: tail length: a-b: height: i-h: foot length: c-d: ear's front edge: c-k -
ears rear edge. 
Fig.2. Age structure of hunted wolves based on age determination by hunters (N = 496). 
Л. Andersone and Ozolins 
Fig. 2. Andersone and Ozolins 
• Males 
• Females 
< 1 yr. 1-2 yrs. > 3 yrs. 
Paper V 
2.2.2. Craniometrical characteristics and dental anomalies in wolves 
Cams lupus from Latvia 
Acta Theriologica 45 (4): 549-558, 2000. 
P L I S S N 0 0 0 1 - 7 0 5 1 
C r a n i o m e t r i c a l c h a r a c t e r i s t i c s a n d d e n t a l a n o m a l i e s 
in w o l v e s Canis lupus f r o m L a t v i a 
Zanete ANDERSONE and Janis OZOLINS 
Andersone Z. and Ozolins J. 2000. Craniometrical characteristics and dental anomalies 
in wolves Canis lupus from Latvia. Acta Theriologica 45: 549-558. 
A total of 137 skulls (115 adult males and 72 adult females) of the wolf Canis lupus 
Linnaeus, 1758 hunted in Latvia between 1975-1999 were measured, using 19 cranio-
metrical parameters. General cranial characteristics were similar to those described 
from the wolf populations of Belarus and Poland (the difference was not statistically 
significant). Sexual dimorphism in skull size was determined. Most of the skull para-
meters from north and east Latvia appeared to be slightly larger than those from the 
Kurland Peninsula, being isolated by large cities, rivers and deforested lands. Also, 
anomalies in tooth formula were described. Deviations from the normal tooth pattern 
were found in 9.5% skulls. Congenital oligodonty and polydonty was found in 7.9% 
skulk. Polydonty was observed in 71.4% cases of tooth anomalies. Tooth anomalies 
were more common in males than in females. 
Kemeri National Park, "Meza maj'a", Kemeri - Jurmala. LV-2012, Latvia, e-mail: 
kemeri@vdc.lv (ZA); State Forest Service, 13. Janvara Str. 15, Riga, LV-1932, Latvia 
(JO) 
Key words: Canis lupus, craniometry, dental anomalies, Latvia 
I n t r o d u c t i o n 
In Latvia, unlike many other European countries, the wolf Canis lupus Linnaeus, 
1758 is still a very common large carnivore. According to the official inventory data, 
the population totals about 700 animals, with the highest density in the western 
and eastern parts of the country. Although double counting cannot be excluded and 
the actual number may be much lower, the population size certainly reaches 
several hundred animals. It is traditionally regarded by the public, especially by 
hunters and farmers, as a pest and is severely persecuted all year round. Despite its 
wide distribution, abundance and a remarkable yearly hunting bag exceeding 300 
individuals since 1995, morphology of the Latvian wolf population has not been 
studied before. Only some body measurements of the Latvian wolves are represented 
in the national literature (Kalnins 1943, Taurins 1982) while in the neighbouring 
countries numerous craniometrical studies on the species have been carried out 
(Novikov 1956, GeptnereraL 1967, Bibikov 1985, Okarma and Buchalczyk 1993). 
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The aim of this study was to give a basic craniometrical description of the wolf 
population in Latvia, to check the extent of sexual dimorphism of skull charac­
teristics, and to compare craniometry of the Latvian wolves with those in the 
neighbouring territories. 
M a t e r i a l a n d m e t h o d s 
Skulls of wolves hunted in Latvia in 1 9 7 5 ­ 1 9 9 9 were measured. The samples represented all the 
territory of Latvia ( 6 4 6 0 0 km ), although most of the skulls originated from the eastern and western 
parts of the country, the regions of the highest wolf density. The River Daugava was chosen as a 
borderline between the Kurland Peninsula subpopulation (to the west from the river) and the 
northeastern subpopulation (from the region bordering with Estonia and Russia). 
In total, 1 8 7 wolf skulls ( 1 1 5 males, 7 2 females) were measured. Thirty­two males and 2 1 female 
originated from the Kurland Peninsula. All the skulls studied were from hunters' private collections. 
In Latvia, wolf skulls are regarded as a valuable trophy. Male skulls predominate in the collections, 
since they are bigger and more impressive for exhibition than female skulls, which are often neglected. 
Only skulls of adult animals were measured since they present species specific characteristics. Sample 
size (n) differed for individual parameters as not all the measurements were available for every skull 
due to their different condition. 
The following 1 8 parameters (Fig. 1) were measured according to Novikov ( 1 9 5 6 ) as well as taking 
into account Okarma and Buchalczyk ( 1 9 9 3 ) , Ansorge ( 1 9 9 4 ) , Ansorge and Meinig ( 1 9 9 6 ) : 
CbL ­ condylobasal length (aboral border of the occipital condyles ­ Prosthion), 
ToL ­ total length (.Prosthion ­ sagittal crest), 
BaL ­ basal length (from posterior edge of alveolus of I 1 to Foramen supramastoideum), 
FaL ­ facial length (Frontal midpoint ­ Prosthion), 
NeL ­ upper neurocranium length (Frontal midpoint ­ Opisthion), 
NaL ­ nasal length (length of joint between Nasale). 
MNaL ­ maximum nasal length (from anterior edge of Nasale to its posterior edge), 
PaL ­ palate length (from posterior edge of alveolus of I to anterior edge of Incisura palatina), 
IPaL ­ length of incisura palatina (from its anterior edge to the posterior edge of Hamulus 
pterigoideus), 
C'b ­ breadth of alveolus of the upper canine С (measurement taken between exterior edges of 
canines), 
ZyB ­ zygomatic breadth (Zygion - Zygion), 
EntB ­ minimum breadth between the orbits (Entorbitale - Entorbitale), 
LB ­ minimum breadth of skull (minimum aboral breadth of the supraorbital processes), 
MB ­ maximum mastoid breadth (Othion - Othion), 
SH ­ skull height, 
MdL ­ total length of mandible (Infradentale - Condyle process), 
TRL' ­ length of upper tooth row (from anterior edge of P 1 to posterior edge of alveola of M 2), 
C,Br ­ breadth between interior edges of alveoli of the lower canine Cv 
Measurements were taken with a caliper ( 3 0 cm) to an accuracy of 1 mm. Cranial characteristics 
underwent statistical analysis; the significance level was checked by the Student's Mest (Liepa 1 9 7 4 , 
Sokal and Rohlf 1 9 8 1 ; . For each parameter, standard deviation (SD) and coefficient of variation (CV) 
were calculated. Also, the Storer's index of sexual dimorphism was calculated (Okarma and Buchalczyk 
1 9 9 3 ) . In addition, skull mass (SM) was measured. The skulls were weighed only when completely dry 
using an electronic balance ( S C ­ 3 0 0 0 ) to 1 g preciseness. 
Tooth formula was checked in all the skulls investigated in order to reveal possible deviations. We 
checked if the tooth formula of the skulls was in accordance with the normal tooth pattern of the wolf: 
I 3 / 3 С 1/1 P 4/4 M 2/3 (Gorner and Hacketal 1 9 8 7 ) . Presence or absence of teeth was assessed 
externally by checking alveoli. 
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Results 
Condylobasal length (CbL) of the wolf skulls measured varied from 20.0 to 25.9 
cm (males: from 20.8 to 25.9 cm, females: from 20.0 to 24.4 cm). Zygomatic breadth 
(ZyB) ranged from 11.8 to 16.1 cm (males: 11.8-16.1 cm, females: 11.9-14.7 cm). All 
the craniometrical characteristics measured are shown in Table 1. 
Male skulls were larger than those of females. The difference was statistically 
significant (г-test: t = 2.3 to 13.9, p < 0.05 to 0.001) for all the characteristics 
measured (Table 1). However, the Storer's index of sexual dimorphism was not 
high. It was more pronounced for the mass of skull (SM), minimum breadth 
between orbits (EntB) and for neurocranium length (NeL). The least difference 
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Table 1. Some linear skull parameters (cm) and skull mass (SM, g) of wolves from Latvia. Sample size 
(л), average value of character (x), standard deviation (SD), minimum and maximum values of 
measurements, coefficient of variation (CV), and Storer's index of sexual dimorphism are displayed. 
Statistical difference between males and females is given (f-test: *p < 0.05, " p < 0.001). л varies for 
different parameters because not all the measurements were available for every skull checked. 
Males Females 
Parameter S t o ' e r 3 
n 5 Min Max SD CV n x Min Max SD CV m d e x 
CbL" 106 23.7 20.8 25.9 0.1 4.22 66 22.5 20.0 24.4 0.08 3.69 5.5 
T o L " 115 26.5 23.0 28.8 0.11 4.15 71 24.8 22.2 26.5 0.09 3.78 6.4 
B a L " 107 22.3 19.0 24.9 0.1 4.29 62 21.0 18.1 22.6 0.08 3.95 6.1 
F a L " 114 15.7 11.1 19.0 0.12 7.37 69 15.0 12.8 17.8 0.1 7.68 4.3 
N e L " 104 8.0 5.1 10.3 0.11 13.59 66 7.3 5.7 9.6 0.1 14.60 9.0 
N a L " 115 8.5 6.5 9.6 0.06 7.12 71 8.0 6.7 9.1 0.05 6.69 6.7 
MNaL" 115 9.7 7.4 11.4 0.06 6.60 72 9.1 7.6 10.1 0.06 6.02 6.5 
P a L " 111 12.0 10.2 18.8 0.08 6.98 66 11.2 9.7 12.4 0.06 5.34 6.6 
IPaL" 106 4.5 3.4 6.0 0.04 9.22 66 4.3 3.0 5.6 0.04 9.56 4.4 
С ' В " 114 4.7 3.1 5.3 0.04 7.54 72 4.3 3.1 4.8 0.04 8.21 8.5 
Z y B " 113 14.3 11.8 16.1 0.08 5.79 70 13.2 11.1 14.7 0.06 4.56 8.1 
E n t B " 114 4.7 3.7 6.0 0.05 9.84 72 4.3 3.1 5.1 0.04 9.10 9.4 
L B " 114 4.2 3.1 5.5 0.04 9.32 71 4.0 3.0 5.0 0.04 9.50 4.2 
M B " 105 7.9 5.6 9.2 0.1 13.13 67 7.3 5.7 8.9 0.09 12.18 8.4 
S H " 112 8.8 7.5 10.4 0.07 7.53 69 8.3 7.1 9.6 0.05 6.47 6.4 
MdL" 113 18.9 11.9 20.8 0.1 5.31 70 17.8 15.7 19.9 0.07 4.12 5.7 
TRL'" 115 8.5 7.3 10.7 0.05 5.79 71 8.2 6.8 9.7 0.05 5.58 4.3 
C.Br* 100 1.5 0.9 1.9 0.02 15.83 68 1.4 0.9 1.9 0.02 15.41 4.9 
S M " 97 565.3 381 749 79.2 14.01 63 459.6 301 600 60.2 13.09 20.6 
between males and females was found for C^Br but nevertheless it was statistically 
significant (t = 2.3, p < 0.05). 
The SM, NeL, MB and С В parameters had the highest coefficients of variation. 
Males generally displayed slightly higher coefficients of variation than females. 
Coefficient of variation was higher in females only for the following parameters: 
FaL, NeL, IPaL, CXB, and LB (Table 1). 
Since the wolf range in Latvia is relatively continuous, significant geographical 
differences might not have been expected. However, the biggest trophies, evaluated 
by totaling CbL and ZyB, originated mainly from northern and eastern Latvia (Fig. 
2). Comparison of the cranial parameters of wolves from the Kurland Peninsula, a 
relatively isolated population, and of wolves from northern and eastern Latvia 
revealed that most of the measurements were significantly bigger in wolves from 
northern and eastern Latvia, both in males and females (Table 2). For example, 
ToL in males from Kurland was 26.1 cm, that of males from the rest of the country 
- 26.6 cm it = 3.5, p < 0.001). The only parameters that where significantly bigger 
Craniometrical characteristics in wolves 553 
Fig. 2. Geographical distribution of 10 largest male and 10 largest female skulls in Latvia. Both males 
and females are ranked from 1 to 10 on the basis of the arithmetical sum of condylobasal length and 
zygomatic breadth. Solid lines are the borders of forestry districts. 
Table 2. Differences in cranial parameters between wolves from western and northeastern Latvia. 
Statistical geographical difference in regard to sex is shown ((-test: " p < 0.05, " p < 0.001). Asterisk 
corresponds to the region where the given measurement was significantly larger. 
Western Latvia Northeastern Latvia 
(cm) Males Females Storer's index Males Females Storer's index 
CbL 23.66 22.32 6.0 23.76 22.48 5.5 
ToL 26.11 24.62 5.9 2 6 . 6 3 " 24.79 7.2 
BaL 21.93 20.73 5.6 22 .38" 21 .04" 6.2 
FaL 16.28" 15.63" 4.1 15.29 14.63 4.4 
NeL 7.14 6.46 10.0 8 .49" 7 . 8 " 8.5 
NaL 8.40 7.90 6.1 8.59 8.02 6.9 
MNaL 9.57 8.99 6.3 9.77* 9.15- 6.6 
PaL 11.89 11.12 6.7 12.04 11.29" 6.4 
IPaL 4.47 4 .36" 2.5 4.45 4.21 5.5 
C lB 4.36 4.02 8.1 4 .78" 4 . 4 1 " 8.1 
ZyB 13.81 12.87 7.0 14 .50" 13.30" 8.6 
EntB 4.43 4.08 8.2 4 . 8 0 " 4 .35" 9.8 
LB 3.88 3.77 2.9 4 .28" 4 .10" 4.3 
MB 6.76 6.69 1.0 8 . 4 3 " 7 .58" 10.6 
SH 8.31 7.77 6.7 9 .07" 8 .52" 6.3 
MdL 18.68 17.68 5.5 18 .98" 17.88 6.0 
TRL1 8.26 8.03 2.8 8 .67" 8 .25" 5.0 
C,Br 1.27 1.25 1.6 1.53" 1.46" 4.7 
SM(g) 565.37 - - 565.22 458.08 20.9 
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in the Kurland Peninsula were IPaL in females (r = 3.8, p < 0.05) and FaL both in 
females and males (t = 5.9 and 5.2 accordingly, p < 0.001). 
Anomalous tooth formula were found in 18 skulls, which constituted 9.6% of all 
the skulls checked. Deviations from the normal tooth pattern were equally frequent 
in males and females. Congenital anomalies (oligodonty and polydonty) pre-
dominated (77.8% of all anomalies). Polydonty occurred more frequently than 
oligodonty (5.3% versus 2.1% of all skulls). The proportion of individuals with 
inherited or developmentally determined anomalies in tooth formula was higher in 
males than in females, both for oligodonty and polydonty (t = 24 and 4 accordingly, 
p < 0.001). All cases of oligodonty derived from the lack of M 3 (2.1% of all skulls). 
Twice M 3 was absent from both sides of the jaw, the total number of teeth 
equaling 40. 
In most cases of polydonty (53.3%) additional minor molars and premolars were 
found both in upper and lower jaw. M (n = 1) and M 4 (n = 2) were found as 
Fig. 3. Additional upper premolar (P1) in a wolf 
skull from Latvia. 
Fig. 4 . Symmetric additional upper incisors in the 
female wolf from the Kurland Peninsula, Latvia. 
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additional molars. All the additional premolars were situated at P (n = 3) or Pj (n 
= 2) (Fig. 3). Usually additional molars and premolars were of irregular shape and 
smaller than the corresponding premolars. Twice additional incisors were found. 
One skull had a double I] just next to a canine. In another skull two additional 
symmetrical incisors (I 2I 2) of normal shape were found in the second tooth row 
(Fig. 4). 
Also, traumatic anomalies were found in the wolf skulls checked. In two, broken 
teeth were found !a canine and two incisors); once ? l and P were lacking but their 
absence was obviously secondary. Alveoli were filled up with bone but still visible. 
Discussion 
Results of this study revealed the great similarity between the Latvian wolf 
population and the neighbouring populations of the species. For example, mean 
CbL in males from Latvia was 23.7 cm, in the Belarussian part of the Bialowieza 
Forest it was the same, and in the Polish part it was 23.8 cm. Zygomatic breadth of 
males from Latvia was bigger than that of wolves from Biatowieza Forest: 14.3 cm 
versus 14.1 (Polish part) and 13.9 cm (Belarussian part) (Geptner et al. 1967, 
Okarma and Buchalczyk 1993). However, condylobasal length of females from 
Latvia was smaller than that from the Bialowieza population: 22.5 cm vs 22.9 and 
22.7 cm accordingly (Geptner et al. 1967, Okarma and Buchalczyk 1993). Zygomatic 
breadth of females from Latvia was 13.2 cm vs 13.5 cm in females from the Polish 
part of the Bialowieza Forest (Okarma and Buchalczyk 1993). Comparison of some 
selected skull indices of the Latvian wolves with those from the Bialowieza popu-
lation showed that skull proportions were fairly similar (Table 3). 
Condylobasal length of the studied skulls varied from 20.0 to 25.9 cm, which 
exceeded the range 22.0 to 25.0 cm indicated previously for the wolves from Latvia 
by Taurine (1982). However, mean condylobasal length of 23.7 cm (males) and 22.5 
cm (females) does not exceed the lower limit previously noted by Rossolimo and 
Dolgov (1965) for the forested zone of the former USSR. 
Coefficients of variation of cranial parameters were generally higher in males 
with the exception for five characteristics (Table 1). The lowest variation was 
Table 3. Comparison of some skull indices (%) of wolf skulls from Bialowieza Forest and Latvia. 
1 Polish part; Okarma and Buchalczyk 1993, 2 Belarussian part; Geptner et al. 1967. 
Males Females 
Index Bialowieza1 Bialowieza2 Latvia Index Bialowieza1 Bialowieza2 Latvia 
EntB/CbL 19.7 19.4 19.7 Zyb/CbL 54.6 58.1 58.6 
LB/CbL 17.7 17.9 17.5 MdL/CbL 78.8 79.4 
LB/EntB 89.9 92.4 88.5 ZyB/MdL 74.8 73.8 
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observed in ToL and CbL. Okarma and Buchalczyk (1993) obtained similar results 
from the Polish population. 
Sexual dimorphism was statistically significant for all 19 parameters (Table 1). 
Skulls of females were smaller than those of males, similarly to the Polish 
population (Okarma and Buchalczyk 1993) and those from different regions of the 
former USSR (Geptner et al. 1967). The difference was the least pronounced in 
CjBr: 1.5 cm in males and 1.4 cm in females (t = 2.3, p < 0.05). 
A pronounced difference between the two parts of the Latvian wolf population -
from the Kurland Peninsula and the rest of the country - was found. Eleven 
parameters were bigger in the northeastern population in both males and females, 
two in males only and one in females only (Table 2). This possibly indicates the 
impact of invaders from the neighbouring wolf populations in the north and the 
east. Although there are no geographical barriers between the two subpopulations, 
wolves of the Kurland Peninsula are separated from the eastern source population 
by the regions with low wolf density like deforested Zemgale lowland in the south of 
the country. Therefore, some divergence can not be excluded. Moreover, the 
difference can be heightened by more intensive hunting in Kurland, resulting in a 
lower average age of the animals there. It has been often reported in national press 
that hunters of Kurland have carried out wide wolf control measures while in 
eastern regions wolves are less intensively persecuted and are Idlled mostly by 
accident. Interestingly, facial length was significantly bigger in wolves from the 
Kurland Peninsula both in males and females. Another parameter - length of 
incisura palatina - was also significantly bigger in Kurland but in females only 
(Table 2). 
Tooth formula in the Latvian wolf population is relatively conservative -
anomalies occurred only in 9.6%. All deviations in tooth pattern belong to the 
second group of variations according to Wolsan (1984b) as the tooth set in wolves is 
rigid having no extreme variants as it is observed, for instance, in weasels (Wolsan 
1983). In Ukraine, oligodonty and polydonty was found in 16.2% of skulls (Lihotop 
1994). In wolves from the Western Carpathians, variations of dentition happened 
in 27.7% of animals (Hell and Duricka 1989) while in the Far East of Russia 
deviations from the normal tooth formula were found from 21.3 to 38.3% of the 
population (Yudin 1989). Such a high proportion of irregular tooth number was 
partly due to traumatic changes in tooth formula, though, natural causes played 
the main role (Yudin 1989). Congenital deviations in the teeth number may have 
two different causes - from an additional tooth germ and as a result of splitting of 
one germ due to a mutation or other factors affecting genetic control (Wolsan 
1984c). Only the second type can be called true anomalies (Wolsan 1984b). In this 
case additional teeth are similar to the adjacent ones, which is corresponding to 
most of the deviations described from Latvia. 
Traumatic deviations in the tooth formula of Latvian wolves also were rare 
(2.1% of all the skulls). Possibly, this is due to the fact that the animals with serious 
injuries are those most likely to be eliminated. 
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In Poland, the percentage of oligodonty and polydonty was similar to that in 
Latvia - 10.7% (Buchalczyk et al. 1981). The proportion of polydonty in the 
population was higher than that of oligodonty in the Carpathians and Poland 
(Buchalczyk et al. 1981, Hell and Duricka 1989) and lower in Ukraine and the Far 
East of Russia (Yudin 1989, Lihotop 1994). In different regions, certain types of 
dental anomalies are similar, eg oligodonty on M 3 polydonty on premolars 
(Buchalczyk et al. 1981, Hell and Duricka 1989, Yudin 1989, Lihotop 1994). 
Congenital tooth anomalies (oligodonty and polydonty) were more often found 
in males, although the difference was not statistically significant. The same trend 
has been described from Poland (Buchalczyk et al. 1981) and Ukraine (Lihotop 
1994). 
Premolars and minor molars are less functional than other teeth and therefore 
they are subject to active evolutionary transformations resulting in deviations in 
teeth number (Yudin 1989). However, incisors also often show variation (Wolsan 
1984a). Interestingly, the anomaly with two additional symmetrical incisors has 
also been described from Poland (Buchalczyk et al. 1981). 
Thus, the similarity between the close populations of Latvia and Poland 
supports the idea expressed in previous studies that dental deviations might be 
used in phylogenetic studies and in studies on the population structure of the 
species (Buchalczyk et al. 1981, Hell and Duricka 1989, Yudin 1989). Further 
studies from the other Baltic States (Estonia and Lithuania) and the neighbouring 
territories in Russia and Belarus would add more information and would make a 
thorough comparative analysis possible. 
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2.3. Discuss ion a n d conc lus ions 
Body parameters and cranial characteristics were similar to those of wolves from 
the neighbouring countries (Prusaite 1961b, Гептнер и Наумов 1967, Buchalczyk 1981, 
Sokolov and Rossolimo 1985, Okarma and Buchalczyk 1993) confirming the population's 
integrity. However, the craniometrical data indicated some disruption between the western 
and eastern parts of the population within Latvia, although data from body parameters did 
not show any geographic difference. This requires further studies in combination with the 
research on wolves' demography, as such geographical dimorphism can also indicate the 
differences in the average age between the two sub-populations resulting from different 
hunting intensity. 
Also, various anomalies in dental formula, which are frequent in carnivores 
(Wolsan 1984, Kvam 1985, Wolsan et al. 1985, Wolsan 1988,1989, Federoff and Nowak 
1998, Cerveny and Koubek 2000), were found in wolves from Latvia. Interestingly, such 
anomalies as duplicate upper incisors were found also in Poland and Russia (Buchalczyk 
etal. 1981, Vila etal . 1993). 
Most of the harvested wolves from Latvia had similar pelt colours to those of 
wolves from other localities in the forest zone of Europe (Prusaite 1961b, Sokolov and 
Rossolimo 1985) - greyish brown with different colour intensity, unlike the North 
American wolves, which display much higher degree of variability, ranging from nearly 
white to black (Goldman 1937). Black wolves were sometimes reported from the Baltics 
(Prusaite 1961b, Сабанеев 1988) but during this study such cases were not found. 
Abnormal pelt colour may be an indication of hybridisation with dogs (see chapter 4). 
The evidence of the high proportion of injuries of human origin among harvested 
wolves indicates a heavy hunting pressure. Taking into account data on the demographic 
structure and population development, it implies that the population is currently being 
over-exploited, and changes in the species management are required. 
It can be concluded that: 
• Body parameters of wolves from Latvia were similar to those of wolves from 
adjacent territories; 
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The degree of sexual dimorphism typical for wolves from Latvia was found both 
in body characteristics and in cranial parameters, males being bigger than females; 
Craniometrical differences found between wolves from western and eastern Latvia 
suggest that some degree of disruption within the population has occurred, the 
reasons to be specified by further research; 
The proportion of polydonty (5.3%) and oligodonty (2.1%) was not higher than 
elsewhere within the Eurasian distribution range of wolves; 
Nearly 10% of harvested individuals had former injuries, half of which were of 
anthropogenic origin, which suggests that the population is subject to heavy 
hunting pressure; 
The age and sex structure of the hunting bag (prevalence of females and the low 
proportion of old animals) also reflects high harvest rates. 
is 
3. Trophic ecology of wolves in Latvia 
3 . 1 . Introduct ion 
"What does the predator eat?" is the most basic question in studying the predator -
prey relationships. One has to answer it first before going any further to predation rates, 
selectivity of prey and, ultimately, to the impact on the prey populations. Many dietary 
studies on wolves have been carried out both in Eurasia (Bibikov 1985, Железное 1990, 
Meriggi et al. 1991, Okarma et al. 1995, Bobek and Nowicki 1996, Haibin and Fuller 
1996, Olsson et al. 1997, Poulle et al. 1997, Jedrzejewska and Jedrzejewski 1998 etc.) and 
North America (Messier and Crete 1985, Milne etal . 1989, Huggard 1993, Weaver 1993, 
Boyd et al. 1994, Mech 1995, Boertje et al. 1996, Spaulding et al. 1997, Hayes and 
Harestad 2000, Mech et al. 2001 etc.), while in the Baltic countries only a few case 
studies are known (Prusaite 1961a; Valdmann et al. 1998, Andersone 1998, 1999). 
Usually the most abundant ungulate species is dominating in the wolf diet - red 
deer in Poland (Jedrzejewska et al. 1991, Jedrzejewski et al. 1992, Lesniewicz and 
Perzanowski 1993, Smietana and Klimek 1993, Jedrzejewska et al. 1994, Okarma 1995, 
Okarma and Jedrzejewski 1996 etc.), roe deer - in some parts of the former USSR, also in 
Estonia and Lithuania (Prusaite 1961a, Филонов 1982, Bibikov 1985, Valdmann et al. 
1998), wild boar - in Italy, Slovakia (Brtek and Voskar 1987, Matteucci 1992, Mattioli et 
al. 1995, Meriggi et al. 1996), moose - in Scandinavia, parts of Russia and high latitudes 
of North America (Peterson and Page 1983, Peterson et al. 1984, Mech 1995, Olsson et al. 
1997, Козловский 1997, Gade-Jorgensen and Stagegaard 2000), muskox - in Greenland 
(Marquard-Petersen 1998), wild reindeer - in Siberian tundra habitat (Линейцев 1983, 
Железное 1990, 1992). 
Wolf is a very plastic generalist species, easily adapting to particular conditions, 
which causes its highly variable diet. Moreover, diet composition can change with time 
depending on the dynamics of the prey populations (Boyd et al. 1994, Mattioli et al. 
1995). Therefore, regional case studies are essential not only from the scientific, but also 
from the management point of view, as it is difficult to extrapolate data obtained in other 
localities (and to base management decisions on them) without a high risk of error. 
The objective of this study was to investigate wolf diet in Latvia, its seasonal, 
geographical and sexual variation as well as to compare it with the diet of another 
\vmpatric large carnivore species - lynx Lynx lynx Linnaeus, 1758. 
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3.2. Results 
Paper 
LI. Winter diets of wolf and lynx in Estonia and Latvia - implications 
for predator-prey management 
Winter diets of wolf and lynx in Estonia and Latvia -
implications for predator-prey management 
Harri Valdmann, Zanete Andersone, Ott Koppa, Janis Ozolins, 
Guna Bagrade 
Abstract 
From 1997 to 2000, winter diets of wolf Canis lupus and lynx 
Lynx lynx in Latvia and Estonia were investigated. Stomach 
contents of hunted animals and scats (Estonia = 127 stomach 
contents with prey remains and of 28 lynx scats; wolf data was 
from previous study; Latvia - stomach contents; wolf = 99, 
lynx n = 49) were analysed. Cervids appeared to be the staple 
food for both predator species. Lynx diet to a high extent 
consisted of cervids (Estonia = 52%, Latvia = 88%), roe deer 
presumably predominating. The ratio of cervids in the lynx 
diet (Latvia) was significantly higher than in the diet of 
wolves (t = 4.2, p < 0.01). Mountain hare Lepus timidus made 
up from 9% (Latvia) to 31% (Estonia) of the lynx diet, red fox 
(Vulpes vulpes) - to 7.1% in Estonian sample. Wolf diet was 
more diverse and apart from cervids (44.1% in Latvia; 63% in 
Estonia) included wild boar Sus scrofa (32.3% in Latvia; 17% 
in Estonia), carrion (10.3%; Latvia), small rodents (10%; 
Estonia) and other food items. Proportion of empty stomachs 
was high both in wolves (37%) and lynxes (35%) in Latvia. 
Range of stomach content weights varied from zero to more than 
4kg in wolves and almost 1.5kg in lynx. 
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Introduction 
Both the wolf Canis lupus Linnaeus, 1758 and the lynx Lynx 
lynx Linnaeus, 1758 have been severely persecuted in Europe, 
for centuries being regarded either as pests or human 
competitors for wild prey (Boitani 2000; Ereitenmoser et al. 
2 000). As a result, their populations have been reduced 
considerably and nowadays the species play their natural 
ecological role in very few localities. Latvia and Estonia are 
one of the last strongholds of large carnivores where 
sympatric populations still exist. As both of these predators 
are harvested in Latvia and Estonia, as are their ungulate 
prey, it is very important to develop guidelines for 
sustainable management of both predators and prey. 
Management of large carnivores can only be successful if it is 
based on a scientific background. Hunting success and food 
choice may be the two most basic factors determining the 
fitness of carnivores (Sunde and Kvam 1997), the study of 
their feeding ecology can provide valuable basic information 
and can be considered a logical first step in a regional large 
carnivore research programme. It is also important to assess 
the predators' impact on prey populations for planning 
ungulate management (Geptner and Sludsky 1972; Danilov and 
Rusakov 1979; Bibikov 1985) . 
Unfortunately, there is little data available from the Baltic 
region. Lynx diet has been studied briefly in neighbouring 
Leningrad oblast (Novikov 1970) and in Lithuania (Kazlauskas 
and Matuzevicius 1981), while the first studies on large 
carnivore ecology in Estonia and Latvia started in 1990s only 
(Andersone 1998, Valdmann et al. 1998, Andersone 1999, Ozolins 
2000, Ozolins and Andersone 2000). 
Cf special interest is the degree of diet overlap between 
wolves and lynx, and regional differences in the diet between 
Estonia and Latvia. The current paper is aimed to sum the 
results of dietary studies of wolf and lynx in Estonia and 
Latvia and to draw some preliminary management guidelines. 
Study area 
Estonia and Latvia are situated in a transition zone of 
temperate climate between the coniferous Euro-Siberian taiga 
and European deciduous forests, 47.6% of the territory of 
Estonia and 44% of Latvia being covered by forest and 
woodlands. Permanent snow cover becomes established at the 
beginning of December, at the earliest; and by the end of 
March, the snow can be more than half a metre deep. In mild 
winters, however, Estonia and Latvia may not have lasting snow 
cover at all. 
Being relatively small countries (Estonia occupies 45 215.4 
km2, Latvia - 64,500 km 2), Estonia and Latvia together host a 
population of about 600 wolves (about 300-400 in Latvia) and 
1200 lynxes (about 400 in Latvia). In total, 64 species of 
mammals have been recorded in Estonia and Latvia, three of 
them have been introduced: the racoon dog Nyctereutes 
procyonoides, the American mink Mustela vison, and the muskrat 
Ondatra zibethica. The European beaver Castor fiber, hunted to 
extinction during 19th century, was reintroduced to Latvia in 
1927 and to Estonia in the 1950s. Red deer Cervus elaphus, 
which was also re-introduced, is more common in Latvia than in 
Estonia, where it inhabits only western islands and southern 
parts of the republic. Other common ungulates in both 
countries are wild boar Sus scrofa, roe deer Capreolus 
capreolus and moose Alcas alcas. 
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Material and methods 
Data from Estonia were collected during winters of 1998/99 and 
1999/2000 and consist of 127 lynx stomachs and 28 lynx scats. 
Lynx carcasses were collected from hunters. The hunting season 
for lynx starts from 1 November and lasts till 28 February. 
Data on wolf diet is from a previous study (Valdmann et al. 
1998). 
Scats were collected in the process of snow-tracking lynx and 
belonged to several different animals, thus probably 
containing little bias. Snow-tracking was conducted in Soomaa 
National Park in south-western Estonia, approximately 250 km". 
Carcasses found while snow-tracking were divided by weight to 
young animals (<15 kg; < 1.5 yrs.) and adults (> 15 kg,- > 1.5 
yrs.) (Schmidt et al. 1997) and sexed. Data was collected 
during four winter months (Nov - Feb) . For analysis of 
seasonal differences in the diet, data was pooled up to two 
periods - late autumn (Nov-Dec) and late winter (Jan-Feb). 
Material for the studies of the winter diet of wolf and lynx 
from Latvia was collected from 1 October to 31 March, in 1997 
2001. Stomachs of wolves and lynx legally hunted in 
different parts of Latvia were collected and examined. In 
total, 98 stomachs of wolves and 49 stomachs of lynx were 
collected from hunters. Samples from both species were 
distributed unevenly over Latvia, mostly from northeastern and 
western parts, probably because of the presence of active 
hunters. 
Stomach contents were either analysed fresh or kept in a 
freezer and analysed after thawing. Stomach contents were 
freshly weighted (Latvian sample only) using an electronic 
balance (SC-3000) to 1 g precision and then a sample was taken 
in order to determine the prey species. 
Preparation of hair samples followed the standard procedures 
(Goszczynski 1974, Reynolds and Aebischer 1991) . 
Identification of prey species was based on hair 
microstructure according to the key by (Day 1966; Teerink 
1991) and our own reference collections. However, due to the 
great similarity in hair structure of cervids, and therefore, 
a high probability of bias, separate species within this 
family were not determined and were combined into one category 
in the Latvian sample unless the presence of other body parts 
or hair length allowed roe deer to be separated from red deer 
and moose. 
Frequency of occurrence was used to assess the importance of 
food items in the diet (Ciucci et al. 1996). 
The homogeneity in the overall ratio of roe deer and small 
game in the diet of lynx and wolf between sexes, age groups 
and study period was tested using one-way ANOVA. Differences 
б 
in frequencies of occurrence were checked by t-test (Liepa 
1974, Sokal and Rohlf 1997). 
Standard error was calculated according to the formula: 
p is proportion of prey item in diet 
g is 100 - p 
л is number of prey items in diet 
Food niche overlap between wolf and lynx winter diets was 
calculated using the index of Pianka (Krebs 1999) . 
Food niche breadths (B) were calculated after Levins (1968) 
using percent occurrence of a particular prey group and except 
for the Estonian lynx sample after relative prey biomass. It 
was calculated for 4 main food groups (ungulates, hares, 
rodents and other carnivores): 
where p . - percent occurrence of a particular prey group. 
For wolf in the Estonian sample biomass of ungulates was used, 
in the Latvian sample three more prey categories (beaver, 
other carnivores (mainly dog) and carrion) were added. 
A total of 11 prey species and taxas were identified in 
Estonia and Latvia (Table 1) . Roe deer, hares (brown Lepus 
SE 
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europaeus and mountain Lepus timidus) and red fox (Vulpes 
vulpes) were the most frequent components of lynx diet. One 
stomach of an adult male from the Estonian sample was filled 
with dry hay, this specimen was also heavily infested with 
roundworms Toxocaria sp. 
One-way ANOVA test within each prey category revealed no 
indication of any association with sex or age group of local 
lynx diets. Males and females foraged equally (F = 0.12; p = 
0.73) . Neither were there any differences in the roe deer -
other preys ratio between late autumn (Nov-Dec) and late 
winter (Jan-Feb) (F = 2.17; p = 0.14). Diet of juveniles did 
not differ from diet of adults (F = 0.69; p = 0.40). But some 
prey items from the Estonian sample, like wild boar, red deer 
and raccoon dog were found only in the diet of adult males. 
Remains of domestic pig (carcasses of dead domestic animals 
are sometimes used for hunting bait) were found only in the 
diet of the young individuals (two cases, Estonian sample). 
Weasel Mustela nivalis was found in Latvian sample. 
Wolf diet during winter was much more diverse than that of 
lynx (Table 2). Apart from the cervids, it included also wild 
boar, beaver, raccoon dog, carrion (often used as bait by 
hunters), birds and in one case a stomach was filled with 
grass. 
In general, ungulates largely dominated in winter diets of 
local lynx (Fig.l) and wolf (Fig.2) in both countries. 
S 
Due to the relatively large proportion of hares (31%) and red 
fox Vulpes vulpes (7.1%) in the lynx winter diet in Estonia, 
the ratio of cervids was lower than that in Latvia (Fig.l.). 
Wolves exhibited different predation patterns, consuming wild 
boar in relative large proportions (Fig.2). 
One-way ANOVA test within each prey category of Latvian wolf 
sample revealed no indication of any association with sex or 
location with diets (F = 1.91; p = 0.16). 
The ratio of cervids in the lynx diet was significantly higher 
than that of the wolf (t = 4.2, p < 0.01) - minor prey and 
carrion was more often found in female wolf stomachs (t = 
2.12, p < 0.05) while beavers were more often found in males 
(t = 2.14, p < 0.05) . 
A large proportion of the wolf stomachs from the Latvian 
sample were empty. Feeding on bait (or leftovers from the 
slaughter-houses) was more typical for female wolves while in 
males it was found only once. Among the wolf stomachs, 36.7% 
were empty - respectively 40.4% in females and 31.2% in males. 
However, the difference between females and males was not 
statistically significant. In lynx, 34.7% of stomachs 
investigated were empty. In females, 39.1% of stomachs were 
empty while in males - 28.6%, but the difference was not 
statistically significant. 
The average weight of the fresh stomach contents in wolves 
from Latvia was 990.3 ± 849.3 g, ranging from zero to 4350 g. 
In lynx from the Latvian sample, stomach content's average 
weight was 440.5 ± 258.7 g, with the maximum weight 1370 g. 
The average weight of lynx female stomachs was slightly 
smaller than that of males - 431.1 ± 215.0 g versus 445.4 ± 
323.9 g. In wolf, the opposite was observed - female stomachs 
were fuller, 1070.7 ± 938.0 g versus 850.6 ± 668.3 g in males. 
Local diets of wolves (Valdmann et al. 1998) and lynx in 
Estonia coincided significantly (index of Pianka 0.8) and 
contained seven common diet items. Diets of wolf and lynx in 
Latvia coincided to a lesser extent (index of Pianka 0.44) and 
contained only three common diet items. 
Levin's niche breadths, calculated using percent occurrence of 
a particular prey group for lynx in Estonia and Latvia were 
respectively 2.7 and 1.3; for wolf respectively 1.55 and 1.3. 
Niche breadths by relative prey biomass for wolf were 
respectively 2.2 and 2.5. 
Discussion 
The main prey of wolves in Europe are ungulates (Okarma 1995), 
with the proportion of each species in the diet depending on 
the ungulate community of the region. Wild ungulates are often 
preferred over livestock (Poulle et al. 1997). Moose dominates 
in the wolf diet in Finland (Gade-Jorgensen and Stagegaard 
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2000), red deer - in Poland (Lesniewicz and Perzanowski 1989; 
Okarma et al. 1995; Jedrzejewski et al. 2000; Smietana and 
Klimek 1993), wild boar - in some parts of Italy (Mattioli et 
al. 1995, Meriggi et al. 1996), Belarus (Rukovsky 1985), roe 
deer - in the European part of the former USSR (Rukovsky 
1985) , some parts of Poland (Suminski and Filipiak 1977) and 
Spain (Cuesta et al. 1991). 
Lynx tend to specialise on small or medium sized ungulates -
roe deer, chamois (Rupicapra ruplcapra) and, locally, 
semidomestic reindeer (Rangifer tarandus) (Pulliainen 1981, 
Aanes et al. 1998, Pedersen et al. 1999, Weber and Weissbrodt 
1999, Koubek et al. 2001) . 
Roe deer, where it's abundant, is the staple food for lynx, 
e.g., in Poland (Reig and Jedrzejewski 1988; Okarma et al. 
1995, 1997, 2000), in the Alps (Jobin et al. 2000), Swiss Jura 
Mountains (Weber and Weissbrodt 1999), in some parts of Norway 
(Aanes et al. 1998). 
Studies on lynx diet in Palearctic (Jedrzejewski et al. 1993) 
have demonstrated strong dependence of ungulate/lagomorphs 
ratio in the lynx diet on the latitude. 
The proportion of lagomorphs in the diet is relatively large 
in the north (Pulliainen and Hyypia 1975) and decreases with 
latitude; south of 52 °-54 ° ungulates dominating lynx diets 
(Jedrzejewska and Jedrzejewski 1998). Concerning eastward-
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westward trends, the percentage of lagomorphs in the lynx diet 
is higher in eastern populat ions (Pulliainen et al. 1995). 
Diets of lynx in Estonia and Latvia seem to represent the 
middle of these trends - both lagomorphs and roe deer form a 
relatively large part of it. As roe deer dominate in the local 
lynx diet, the above-mentioned "borderline" of Jedrzejewska 
and Jedrzejewski (1998) must be moved - wild ungulates can 
dominate at significantly higher latitudes than 52 °- 54 °, and 
in Estonia and Latvia roe deer clearly sustains the lynx 
population. This probably reflects the general ungulates 
oriented game management in these countries. 
As Estonia is north of Latvia, it predictably possesses higher 
proportion of lagomorphs in the lynx diet in accordance with 
the above-mentioned north-south trend (Jedrzejewska and 
Jedrzejewski 1998). The higher proportion of roe deer in the 
Latvian sample can also be explained by better availability of 
roe deer as prey in Latvia - densities of roe deer in Latvia 
and Estonia are 1.06 and 0.66 ind./krcr accordingly (official 
census data). As found, the proportion of roe deer in the lynx 
diet rapidly increases as the roe deer numbers grow (Okarma et 
al. 1997). 
Studies in Bialowieza, where roe deer density is low, show 
that lynxes preyed on red deer disproportionately to their 
share in the ungulate community (Jedrzejewski et al. 1993). It 
is unlikely that this is the case in Latvia as roe deer is the 
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most common ungulate species all over the country. 
Unfortunately, reliable distinction between roe deer and red 
deer hairs in the study was impossible therefore, a certain 
proportion of cervids remained undetermined. However, 82.7% of 
cervids in the lynx diet were precisely identified as roe deer 
due to the hair length or the presence of some other body 
parts indicating the size of the animal. Therefore, it is 
clear that roe deer constitute the bulk of lynx diet in 
wintertime, although some cases of depredation on red deer 
(mainly yearlings) were documented locally (Gaross 1997) . 
As generally recognised, hare densities tend to decline 
everywhere in Europe and thus probably the time lag between 
the lynx diet study in Lithuania (Kazlauskas and Matuzevicius 
1981) and the current study explains the high proportion of 
hares (60%) in the Lithuanian study. This is probably also 
true for the study in neighbouring Leningrad district (Novikov 
1970). In Latvia, hare densities have considerably declined 
since early 20 t h century (Taurins 1975), which can possibly 
explain the low percentage of hares in the lynx diet. 
According to studies from Europe, intra-cuild predation on 
foxes is widespread (Adlerberg 1935, Haglund 1966, Novikov, 
1970, Pulliainen 1981, Sunde and Kvam 1997, Linnell et al. 
1998, Sunde et al. 1999, 2000) . The consumption of killed 
carnivores is not universal among cases of intra-guild 
predation (Peterson 1996), but fox is clearly regarded as prey 
and if lynx are not disturbed, most of the available meat on 
13 
carcasses is consumed (Linnell et al. 1998). Sometimes a whole 
litter of foxes can be killed (Novikov 1970). 
Unlike the studies in the Alps (Liberek (1992); ref: Weber & 
Weissbrot 1999), where predation on foxes may result from an 
individual specialisation to this prey, in the Estonian sample 
fox was clearly the most consumed alternative prey (7.1 %) . 
Intraguild predation, though, was not typical for Latvian lynx 
- a small mustelid predator (weasel) was found in the stomach 
of lynx only once; larger sample size would have probably 
increased the proportion of fox in it as fox densities in 
Latvia are generally recognised as high (Ozolins and Pilats 
1995). 
Potential trade-off of intraguild predation on foxes and other 
carnivores is transmission of certain diseases in the process. 
Lynx have been recorded to die of sarcoptic mange (Linnell et 
al. 1998) and rabies (whole lynx family was found to be rabid 
in Estonia in winter 2001). In Estonia, scabies and rabies are 
widespread in foxes (Viltrop et al. 2000), thus, intraguild 
predation on them can create a potential transmission link for 
spreading these diseases to lynx. 
The data on wolf diet and prey selectivity in Estonia have 
been analysed earlier (Valdmann et al. 1998; Table 2) and 
found to consist mainly of ungulate prey. Despite the 
domination (F%) of roe deer in diet, wild boar was found to be 
a preferred prey. Although slightly avoided, moose predictably 
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dominated in relative biomass of ungulate prey. Avoidance of 
moose was explained by fragmentation of wolf packs as a result 
of wolf hunting, which can also be the case in Latvia where 
hunting pressure on wolves is high (Ozolins et al. in press). 
The later studies in Estonia have confirmed the role of wild 
boar as preferred prey - wolves quite regularly check the 
places, where supplementary feeding has been provided to wild 
boar. In general, wolves' diet in both countries seem to be 
similar as cervids and wild boar predominate in both cases, 
wild boar being more common in the diet of wolves in Latvia 
(Table 2). 
High proportion of empty stomachs of both wolves and lynx can 
be explained by harsh feeding conditions during winter season. 
Also, the hunting method can influence the ratio of empty 
stomachs - distressed animals may empty their stomachs 
(Korytin 1986) . Wolves kept in "fladry" for a couple of days 
digest the food present in the stomachs, which can give a 
biased result. 
Although the analysis of stomach contents cannot answer the 
question of what the numerical and functional response 
relationships are, they can nevertheless give a hint of the 
predators' impact on the prey populations (Jobin et al. 2000). 
The results of the study demonstrate that species dominating 
in the prey community (roe deer, wild boar, moose and red 
deer) also dominate in the large predators' diet. However, 
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more detailed research is needed in order to determine the 
predation rates and impact on the prey populations. 
As shown, the diets of wolves and lynx in Estonia and Latvia 
overlap significantly, roe deer obviously being exposed to the 
highest degree of predation. Therefore, a proper management of 
this species is essential for both large carnivores but 
especially for lynx, which seems to be strongly dependent on 
the availability of this ungulate species. Consuming the 
alternative prey - fox - in relative large proportions in 
Estonia may already indicate a shortage of the main prey - roe 
deer and hares for sustaining it's relatively large 
population. Reduction of the hunting quotas and better law 
enforcement to reduce poaching on roe deer could be suggested 
in order to reduce the pressure on the species. Another 
recognised local problem in roe deer management is stray dogs 
chasing and killing roe deer. Equally important for wolf is 
the proper management of wild boar populations in both 
countries. 
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Table 1. Diet composition of lynx in Estonia and Latvia; F%-
frequency of occurrence; B% - relative biomass eaten; В - food 
niche breadth. Food niche breadth by relative prey biomass is 
added for the Latvian sample. For Estonia, scats and stomachs 
have been combined. 
Taxa Estonia Latvia 
N F% SE N F% SE B% 
Roe deer 76 4 9 . 0 ± 5 . 7 24 72 . 7 ± 7 . 8 8 6 . 5 
Undet.cervids - - - 5 1 5 . 2 ± 6 . 2 4 
Red deer 3 1.9 ± 7 . 8 - - •Si 
Wild boar 1 0 . 6 ± 7 . 7 - - -
Hares 48 3 1 . 0 ± 6 . 7 3 9 . 1 ± 5 . 0 9 . 5 
Fox 11 7 . 1 ± 7 . 7 - - -
Weasel - - - 1 3 . 0 ± 3 . 0 
Raccoon dcg 1 0 . 6 ± 7 . 7 - - -
Gallinaceous 7 4 . 5 ± 7 . 8 - - -
Rodents 6 3 . 9 ± 7 . 9 - - -
Carrion 2 1 .3 ± 8 . 0 - - -
Food niche 
breadth 
2.7 1.3 
Food niche 
breadth by 
relative prey 
biomass 
1.3 
155 i c : 33 10C 
Table 2. Diet composition of wolf in Estonia and Latvia; F%-
frequency of occurrence; B% - relative ungulate biomass eaten; В -
food niche breadth (Estonian wolf data is from Valdmann et al.1998). 
Food niche breadth by relative prey biomass is added. (* - all other 
predators together form 4% in the Estonian sample) 
Taxa Estonia Latvia 
N 
Scats 
F% SE В % n F% SE В % 
Roe deer 264 5 1 ±2. 2 18.4 10 14 .7 ±3.3 20 
'Jndet. cervids - - 20 29 .4 ±5.5 48 
Wild boar 87 17 ±1. 6 19.3 22 32 . 3 ±5.7 32 
"Jndet. ungulates - - 1 1.5 ±1.5 
Moose 61 12 +i 5 62.3 - - -
Hares 30 6 ±1 0 - - -
Beaver 1 - 3 4.4 ±2.5 
Small rodents 53 10 ± i 5 - -
Wolf 4 * — - -
Raccoon dog 3 4 ±0 9 1 1 . 5 ±1.5 
Fox 2 * - - -
Dog 8 * 2 2.9 ±2.0 
Reptiles 2 - - - -
Birds 2 - 1 1. 5 ±1.5 
Squirrel 1 - - - -
Carrion - - 7 10.3 ±3.4 
Food niche 
breadth(B) 
Food niche 
breadth by 
relative ungulate 
_Prey biomass 
2.7 
2.2 
1. 30 
2.6 
518 100 100 68 100 100 
Captions to figures 
Fig.l. Proportions of cervids and hares in diets of lynx in 
Estonia and Latvia 
Fig.2. Proportions of cervids and wild boar in diets of wolf 
Estonia and Latvia 
Fig.l. Valdmann et al. 
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Abstract 
Diet of wolves has been studied in Latvia from 1997 to 2001. In 
total, 302 scats and 107 stomachs of wolves were analysed. Wild 
ungulates (cervids and wild boar Sus scrofa) and beaver Castor 
fiber were found to be the staple food for wolves in Latvia. 
Cervids were found in 50% of samples (62% biomass) , wild boar -
24.7% (21% biomass), beavers - 13.7% (11.5 biomass). Wild boar was 
positively selected, especially in winter when its ratio in the 
diet increased to 33.9% from 20% in summer. It was more a common 
prey in the east of the country. The ratio of beavers, small 
rodents and plant food was higher in summer, which resulted in a 
broader food niche in summer than winter (B = 2.53 versus В = 
1.81). The role of domestic animals in the wolf diet was 
insignificant except for winter when they were consumed as carrion 
(13.1%). Minor sexual differences in the diet were found - males 
consumed beavers considerably more. 35.5% stomachs investigated 
were empty, the average weight of full stomachs being 972.8 * 
850.7g. The importance of the beaver as an alternative prey is 
discussed. It is conlcluded that wolves in Latvia prey generally 
on wild animals and conflicts with livestock owners are only 
local. 
Introduction 
Wolves Canis lupus Linnaeus, 1758 have traditionally been regarded 
as pests and suffered from extensive persecution all over Europe 
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(Boitani 2000). Also in Latvia, population dynamics of the species 
greatly depended on the intensity of hunting and varied from near 
extinction to more than 1000 animals, currently estimated ac a few 
hundred individuals (Ozolins et al. in press). At the moment, the 
main conflict with human interests is competition for game 
species, especially ungulates. 
The feeding habits of wolves have been widely studied all over the 
world (Bibikov 1985, Mech 1995, Jedrzejewska & Jedrzejewski 1998). 
Numerous case studies have shown that at northern latitudes, 
ungulates are the staple food for wolves (Bibikov 1985, Mech 1995, 
Okarma 1995) . And yet, being an opportunistic predator, wolves 
take advantage of the most available prey, which causes a great 
diversity of their diet in different regions. Where wild ungulates 
are available, wolves prefer them to other items, even to 
livestock (Rukovsky 1985, Poulle, Carles & Lequette 1997), while 
in the absence of their natural prey they can switch to 
alternative prey - fruit in the south of the wolf's distribution 
range (Rukovsky 1985, Meriggi, Rosa, Brangi & Matteucci 1991, 
Brangi, Rosa & Meriggi 1994, Meriggi, Brangi, Matteucci & Sacchi 
1996) , garbage (Salvador and Abad 1987) or livestock (Lukarevsky 
1988, Papageorgiou, Vlachos, Sfougaris & Tsachalidis 1994, Gao, 
Ma, Zhang, Gao & Zhao 1996) . Therefore, the results from one area 
cannot be directly extrapolated to another region without a high 
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risk of bias. As knowledge of wolf diet has very important 
practical implications, regional case studies are essential. 
In the Baltic States, wolf diet has previously only been studied 
in Lithuania (Prusaite 1961). In Latvia and Estonia, where 
ecological conditions are slightly different than in Lithuania 
(due to a higher percentage of forest cover), the first studies on 
the wolf diet started in mid 1990s, when the first results on 
summer and winter diet of wolves were obtained (Andersone 1998, 
1999; Valdmann, Koppa & Looga 1998; Valdmann, Andersone, Koppa, 
Ozolins & Eagrade in prep.) . No data on the wolf diet in Latvia 
exist from earlier periods except for a very limited data from 
western Latvia (Gaross 1997). 
The aim of this study was to carry out a thorough analysis of the 
wolf diet and to compare the variations in the predator's diet in 
relation to season, locality and sex of the animal. 
Study area 
Latvia is situated in a transition zone between the coniferous 
taiga and European deciduous forests. Its climate is mild in the 
coastal areas (west) and more continental in the east. Permanent 
snow cover becomes established in the beginning of December, but 
sometimes the first snow can be as early as October. Snow cover 
can stay till the end of March. However, due to the influence of 
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the sea, mild winters, characteristic of the last decade, may have 
no lasting snow cover. 
Almost a half (44%) of the area of Latvia (64,500 knr in total) is 
covered by forest, and some 10% of the area is covered by bogs. 
The wolf population comprises 3 00-400 individuals. The prey base 
is represented by four ungulate species - moose Alces alces, red 
deer Cervus elaphus, roe deer Capreolus capreolus and wild boar 
Sus scrofa. Beavers Castor fiber have also significantly 
increased in abundance and distribution (Balodis 1994, Balodis, 
Laanetu & Ulevicius 1999). Numerical trends of the four main prey 
species are shown in Fig.l. 
Material and methods 
The study was carried out in Latvia from winter 1997 till autumn 
2001. The study period was divided into winter (October - March) 
and summer (April- September) seasons. In total, 302 wolf scats 
were collected (64 from winter, 238 from summer) and 107 stomachs 
of hunted wolves (99 from winter and 8 from summer). Distribution 
of sampling locations is shown in Fig.2. Data on 98 winter 
stomachs have been analysed earlier in comparison to lynx diet in 
Latvia and Estonia (Valdmann et al. in prep.). 
Data on livestock depredation were obtained from the State Forest 
Service, which started registration of wolf attacks on livestock 
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in 2001. In total, 21 wolf attack were reported. Killed and 
injured livestock were pooled to obtain the total number of wolf 
kills from which the frequency of occurrence of each species was 
calculated. 
Laboratory analysis followed standard procedures (Lockie 1959, 
Goszczynski 1974; Litvaitis, Titus & Andersen 1996) . Scats were 
washed through a sieve (1 mm mesh) in order to separate undigested 
parts (hairs, bones etc.) and dried at room temperature to 
constant weight. Stomach contents were either analysed fresh or 
kept in a freezer and analysed after thawing. Both fresh stomach 
contents and dried scats were weighted using an electronic balance 
(SC-3000) to 1 g precision. The microscopic slides of hairs were 
prepared in order to identify the prey species according to the 
keys by Day (1966) and Teerink (1991) as well as our own reference 
collection. 
Data from scats and stomachs were pooled for the analysis of 
seasonal variations in wolf diet, otherwise, scats and stomachs 
were analysed separately. Absolute frequency of occurrence (F%) 
(from the number of samples analysed) and percentage of food 
biomass ingested (B%) was used to assess the importance of food 
items in the diet (Ciucci et al. 1996). Conversion coefficients to 
calculate the biomass ingested from the scat weight were taken 
from Goszczynski (1974), Lockie (1959), Floyd, Mech & Jordan 
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(1978) and Jedrzejewska & Jedrzejewski (1998). Although the plant 
material (including berries) has a low nutritional value 
(Jedrzejewska & Jedrzejewski 1998) it was also included in the 
analysis. 
Sexual differences in stomach content weights, as well as the 
results obtained from stomach and scat analysis were checked by 
Mann-Whitney U-test while the Kruskal-Wallis test was used to 
analyse for geographic differences in occurrence of different prey 
categories and biomass ingested (SPSS 1 0 . 0 for Windows). 
Frequencies of occurrence of different prey categories were 
compared using t-test (Liepa 1974, Sokal & Rohlf 1995) . 
Food niche breadth (B) was calculated according to Levins' (1968) 
formula (using F%): 
В = l / S P l 2 , 
Pi = percent occurrence of a particular prey group in the 
diet 
Ivlev's selectivity index modified by Jacobs (1974) was calculated 
according to the formula: 
D = (r - p) / (r + p) - 2 rp 
r = a fraction of a given prey in the wolf's diet 
p = the fraction of the same prey in the environment 
(according to the official census data) 
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Standard error (SE) was calculated according to the formula: 
p = proportion of prey item in diet 
q = 100 - p 
n = number of prey items in diet 
Results 
At least 22 food categories were found in wolf diet, ungulates and 
beavers being the most common ones (Table 1 ). On average, cervids 
were found in 50% of samples, wild boar - in 2 4 . 7 % , beaver -
13 .7%. According to the relative biomass (B%), cervids constitute 
the bulk of the wolf's diet - 62%, wild boar add 21% and beaver -
1 1 . 5 % . 
In summer, wolves consumed considerably more beavers compared to 
the winter season (t - 3 . 9 2 , p < 0 . 0 1 ) while the opposite was true 
for wild boar in the wolf diet (t = 3 . 3 9 , p < 0 . 0 1 ) . Similarly, 
livestock consumption was higher in winter, presumably as carrion 
(t = 2 . 7 1 , p < 0 . 0 1 ) while the percentage of small rodents and 
berries and other plant material was higher in summer (t = 2 . 8 3 , p 
< 0 . 0 1 ) (Table 1) . 
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Selectivity indices showed a positive selection towards wild boar 
both in summer and winter, the selection being stronger in winter 
season (D = 0.49 versus D = 0.18 in summer). 
Wild prey dominated in the wolf diet in both seasons, while 
domestic animals were more common food items in winter when they 
were mainly consumed as carrion. This pattern was especially 
pronounced in the results of the analysis of stomach contents in 
winter - livestock was found in 13.1% stomachs, which is due to 
the feeding at the dumpsites of the slaughter-houses and at baits 
put out by hunters. 
The analysis of the livestock, depredation data shows that sheep 
are most often preyed upon (70.8%). Calves (21.9%), dogs (5.2%) 
and goats (2.1%) made up the rest of the total depredation on 
domestic animals in 2001. 
There were general geographic differences between west and east of 
the country in the consumption of cervids (Kruskal-Wailis test, x 2 
= 6.52, p < 0.01) and livestock (x 2 = 4.94, p < 0.05; for B% x : = 
4.89, p < 0.05), which were consumed more in the west. 
More specific analysis of the summer diet of wolves was carried 
out in three protected areas - Slitere National Park from the 
north-west of Latvia (N = 105), in Teici Nature Reserve from the 
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east (N = 32) and in Kemeri National Park which is situated in 
between them (N - 33) (Table 2) . Consumption of wild boar in 
Slitere was significantly lower than in Teici (t = 3.58, p < 0.01) 
and in Kemeri (t = 2.18, p < 0.05) . The ratio of beavers in the 
diet was also higher in the east both in summer and winter season 
but the difference wasn't statistically significant. 
Diet composition compared for summers 1997-2001 varied 
considerably, however, cervids and wild boar remained the staple 
food for the whole study period, ranging from 64 to 84% of the 
diet (Fig.3). 
Niche breadth (calculated for five food categories: cervids, wild 
boar, beaver, other animals, fruit) had some seasonal difference -
it was higher in summer (B = 2.53) and lower in winter (B = 1.81). 
When comparing the diet of male and females wolves (based on 
stomach contents) , statistically significant difference was found 
neither in the prey composition nor in the stomach weight. Only 
when comparing winter diet, a significant difference in the beaver 
ratio was found between male and female wolves (t = 2.22, p < 
0.05), males consuming more beavers than females. Neither were 
there any geographical differences in the diet among wolves of the 
same sex. 
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35.5% of all stomachs investigated were empty (39% in females and 
31.2% in males) . The distribution of stomach weights is shown in 
Fig.4. Average stomach weight was 972.8 + 850.7g, stomach contents 
of males being lighter than those of females - 850.6 ± 668.3g and 
1041.1 ± 939.8g accordingly. However, the difference was not 
statistically significant. 
Discussion 
As elsewhere, where the natural prey base is rich (Bibikov 1985, 
Mattioli, Apollonio, Mazzarone & Centofanti 1995, Jedrzejewska & 
Jedrzejewski 1998), Latvian wolves preyed mainly upon wild animals 
(Table 1) . Cervids were the most common prey items but wild boar 
was preferred, similarly to some other localities where both 
species occur together (Mattioli et al. 1995, Meriggi et al. 1996, 
Valdmann et al. 1998), though in some areas wild boar is generally 
avoided by wolves (Jedrzejewska, Okarma, Jedrzejewski & Milkowski 
1994, Okarma 1995). The negative relationships between wolf and 
wild boar densities can be found, indicating that wolves can 
possibly severely limit wild boar populations (Jedrzejewska, 
Jedrzejewski, Bunevich, Milkowski & Krasinski 1997, Kanzaki & 
Perzanowski 1997). However, adult boar are not an easy prey (Reig 
1993), therefore, selective hunting for piglets is more common 
(Smietana & Klimek 1993, Mattioli et al. 1995, Jedrzejewski, 
Jedrzejewska, Okarma, Schmidt, Zub & Musiani 2000) . The ratio of 
wild boar in the diet of wolves in Latvia was similar to that from 
1 1 
lowland Poland (Reig & Jedrzejewski 1988), though in Bialowieza 
selection was negative toward wild boar (Jedrzejewska et al. 1994, 
Jedrzejewski et al. 2000). The lower proportion of wild boar in 
the diet of wolf in NW Latvia can be explained by different 
ecological conditions. There are mainly coastal dry pine woods in 
that area, v/hich cannot support a large wild boar population. 
In this study, we did not distinguish between different species of 
Cervidae in order to avoid bias due to similar hair structure but 
we suggest that roe deer constitute the bulk of it, which is 
indicated by the results from the pilot study in mid 1990s 
(Andersone 1998) . The most common, which in most cases means the 
most available, ungulate species usually constitutes the majority 
of wolf diet (Zheleznov 1990, Mech 1995), and roe deer is 
undoubtedly the most numerous ungulate in Latvia (Andersone & 
Ozolins 2000) . Latvian forests are patchy and interspersed by 
agricultural lands, both used and abandoned (Prusaite, Kaal & Volf 
1985), and in such human dominated landscapes roe deer is the most 
common prey (Aanes, Linnell, Perzanowski, Karlsen & Odden 1998). 
If several large prey species occur in the region, wolves choose 
the smallest one (Gordiyuk 1991, Mech 1995), therefore, we suppose 
predation on moose in Latvia is light compared with predation on 
other ungulates. Besides, small pack size (due to intensive 
persecution by man) (Ozolins & Andersone 2000) might have 
contributed to the lower predation on moose, although there are 
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indications that the pack size is not a principal factor 
influencing hunting success on moose (Thurber & Peterson 1993). 
Wolves were blamed by hunters in Latvia for the decrease in the 
ungulate numbers during the 1990s (Gaross 1994), but as shown in 
other areas, even roe deer populations are not influenced by 
wolves if conditions are favourable (Olsson, Wirtberg, Andersson & 
Wirtberg 1997). As demonstrated in Poland, wolves can hardly 
influence the game resources if ungulate density is high 
(Jedrzejewska et al. 1994, Okarma, Jedrzejewska, Jedrzejewski, 
Krasinski & Milkowski 1995, Glowacinski & Profus 1997) while they 
can have a negative effect on ungulate populations in poor 
habitats where both human hunters and predators compete for the 
scarce prey (Mech & Nelson 2000). More probably, in Latvia we deal 
with the cumulative effect of increased predator numbers (both 
wolves and lynx) and hunting pressure from humans in the early 
1990s. 
Niche breadth for wolves in Latvia was found to be greater than 
that for wolves from Poland (Jedrzejewska & Jedrzejewski 1998) but 
lower than that from Italy (Mattioli et al. 1995), which only 
partly coincides with the geographic gradient of the wolf diet 
from north to the south (Rukovsky 1985) . Similarly to other areas 
(Meriggi & Lovari 1996), niche breadth was lower in winter, when 
the proportion of ungulates in wolf diet increased. In summer, 
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wolf diet in Latvia was more diverse and included smaller mammals 
as well as other groups of animals. However, the relative biomass 
for these prey types is usually insignificant (Muszynska 1996) . In 
Latvia, the beaver was the only important additional food item. 
Livestock constitutes only an insignificant part of the wolf diet. 
Depredation on livestock occurs locally and seasonally (Meriggi et 
al. 1996) and does not have a regular character in Latvia. A 
single wolf pack from northern Latvia (Valmiera district) was 
responsible for 28.6% of the depredation cases during the summer 
season of 2001. Feeding on livestock is secondary for wolves, 
which prefer wild prey whenever available (Rukovsky 1985, Meriggi 
&. Lovari 1996) . Depredation on livestock depends not only on 
availability of natural prey but also on acceptability of it 
(Meriggi & Lovari 1996), which is linked to the lack of proper 
husbandry techniques (Linnell, Odden, Smith, Aanes & Swenson 
1999) . It is typical for Latvia, that livestock is unguarded and 
often left at night in pastures, which can facilitate a wolf 
pack's specialisation on this type of food, as it seems to be the 
case with the pack in Valmiera district. 33% cases of depredation 
occurred in eastern Latvia, where the percentage of the area with 
forest cover is lower, thus possibly resulting in lower densities 
of the wolves' natural prey. Sheep are most vulnerable to wolf 
depredation (Formozov & Golov 1975, Sabanejev 1988, Genov 1992, 
Ciucci Sc Boitani 1998) and previous studies from the Baltic 
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(Andersone, Balciauskas & Valdmann in press) have also shown that 
sheep are the most popular target of wolves when livestock are 
attacked. However, the lack of big flocks of sheep and the 
richness of the natural prey base prevents high damages to the 
farmers. 
Carrion can be an important food source for wolves in winter, 
constituting up to a third of the diet in some areas (Smietana & 
Klimek 1993, Lesniewicz & Perzanowski 1989). Carrion seems to be a 
food item extensively used by wolves in Latvia as well but to a 
lesser extent than in the latter studies. 
Intra-guild predation is common among mammalian carnivores but 
consumption of a kill depends on the availability of other food 
items (Palomares & Caro 1999). Six different species of carnivores 
(including domestic dog Canis familiaris) featured on the wolf's 
diet in our study. Raccoon dogs Nyctereutes procyonoides, red 
foxes Vulpes vulpes, domestic dogs and badgers Meles meles are 
known to be often preyed upon by wolves (Matjushkin 1985, Prusaite 
et al. 1985; Brtek & Voskar 1987, Jedrzejewska & Jedrzejewski 
1998, Olsson et al. 1997, Palomares & Caro 1999 etc.). Depredation 
on mustelids is not so common, however, it is known from Belarus 
(Sidorovich 1997) and North America (Kohira & Rexstad 1997, Route 
& Peterson 1991). Interestingly, river otter Lutra canadensis and 
small mustelids seem to be important prey items for wolves in 
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Alaska, especially in logged areas (Kohira & Rexstad 1997) . In 
Latvia, otter and weasel remains were found in wolf scats only 
twice. 
Beaver is an alternative prey, which appears to be important to 
wolves (Ballard, Whitman & Gardner 1987, Mech 1995), particularly 
when ungulate density is low (Milne, Harestad & Atkinson 1989, 
Shelton & Peterson 1983) . In Latvia, the increase of beaver in 
wolf diet could have been caused by a depression of ungulate 
populations in the first half of the 1990s, which coincided with 
the rapid growth of the beaver population (Balodis et al. 1999). 
To our knowledge, this is the first study in Europe that shows 
such a high beaver percentage in the wolf's diet, which seasonally 
and locally can represent one third of the predator's diet 
(Andersone 1999). In most other European studies, beaver 
consumption ranged between 1% and 3.9% (Kozlo & Banad 1985, Olsson 
et al. 1997, Valdmann et al. 1998, Gade-Jorgensen & Stagegaard 
2000, Jedrzejewski et al. 2000), while it could constitute more 
than a half of the wolf's diet in North America (Shelton & 
Peterson 1983, Mech 1995). In our study, the proportion of beaver 
in wolf diet was higher in summer while the opposite was shown 
from North America (Milne et al. 1989). It was shown that wolf 
presence in the area could help to significantly decrease beaver 
colonies (Potvin, Breton, Pilon & Macquart 1992) provided that 
both reach high levels (Shelton & Peterson 1983). However, in 
1 6 
Latvia, wolves seem to have no effect on the steadily increasing 
beaver population. 
Data on stcmach content weights obtained in Latvia are similar 
with data obtained elsewhere (Geptner & Naumov 1967, Rukovsky 
1985) . Average weight was bigger than that found in SE Poland 
(Lesniewicz & Perzanowski 1989) and lower than from most 
localities in the territory of the former USSR (Rukovsky 1985) and 
North America (Mech 1995) . The lack of sexual differences in the 
stomach contents can be explained by the social organisation of 
the wolves. They live in packs, therefore, the kill made by the 
pack is likely to be consumed by all members of the pack, thus 
resulting in no differences in the prey composition between sexes. 
Results obtained from the stomach and scat analysis did not differ 
considerably, thus suggesting that both methods are equally 
reliable when assessing the diet, therefore, the latter should be 
preferred whenever possible as the least invasive one. 
To conclude, it can be pointed out that wolves in Latvia rely on 
wild animals as the main source of food, which should be regarded 
as the great advantage for the species conservation in the region. 
Beaver is an important alternative prey item, as it is widespread 
and reaches very high densities. Under these conditions, it can 
help to support the high densities of wolves even during 
17 
depressions in ungulate populations. As there are no big conflicts 
between humans and wolves, apart from the competition for prey, it 
is essential to find a compromise with hunters based on 
scientifically correct information. Therefore, further studies on 
predation rates of wolves in Latvia are important. 
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Table 1. Diet composition of wolves in Latvia, 1997-2001, in 
summer (April - September) and winter (October - March). Data from 
stomach and scat analys is combined for calculating the absolute 
frequency of occurrence (F%). For calculating percentage of food 
biomass (B%), only scat data were used (N = 302) . ** - significant 
difference (p < 0. 01) between the seasons is shown. 
I t e m S p r i n g - Autumn-
summer w i n t e r 
F% SE D% F% SE B% 
Cervidae 49.4 ± 8.2 62.2 51.2 ± 4.2 56.8 
Wild boar** 20 ± 2.3 19.3 33.9 ± 4.0 32. 1 
(Sus sarafa) 
Livestock** 2.9 ± 1.0 2.3 9.4 ± 2.5 4.4 
Undetermined 0.4 ± 0.4 0.3 1.6 ± 1.1 -ungulate 
U n g u l a t e s t o t a l 7 2 . 7 8 4 . 1 9 6 . 1 9 3 . 3 
Beaver** 18.8 i 2.2 12.6 3.9 + 1.6 3.1 
{Castor fiber) 
Domestic dog - - - 2.4 ± 1.3 0.7 (Canis 
familiaris) 
Raccoon dog 1.2 ± 0.6 0.4 1.6 ± 1.1 1.9 
{Nyctereutes 
procyonoides) 
Fox 1.6 ± 0.7 0.3 - - -(Vulpes vulpes) 
Badger 0.4 ± 0.4 - - -(Meles meles) 
Otter 0.4 ± 0.4 < - - -(Lutra lutra) 0.1 
Weasel 0.4 ± 0.4 < - - -(Mustela .nivalis) 0.1 
Brown hare 0.4 ± 0.4 0.1 - - -(Lepus europaeus) 
Mountain hare - - — 0.8 ± 0.8 -(L. timidus) 
Mole 0.4 ± 0.4 < - - -(Talpa europaea) 0.1 
Undetermined 0.4 ± 0.4 < — - -shrew 0.1 
(Sorex sp.) 
Yellow-necked 0.4 ± 0.4 < 0.8 ±0.3 0.4 
mouse (Apodemus 0.1 
flavicollis) 
Undetermined vole 3.3 ± 1.0 0.2 1.6 ± 1.1 0.3 
(Microzus SO. 1 
Table I (continued). 
Bank v o l e 3 . 3 + : . 0 0 . 2 -
(Clechrionomys 
glareolus) 
W a t e r v o l e 0 . 8 + 0 . 5 0 . 4 - - -{Arvicola 
terrestris) 
U h d e t . r o d e n t s 2 . 8 + 0. 9 0 . 2 0 . 8 ± 0 . 8 0 . 4 
S m a l l r o d e n t s 1 0 . 6 2 . 0 3 . 2 1 . 1 
t o t a l * * 
U n d e t e r m i n e d 4 . 1 + 1. . 1 0 . 2 0 . 8 ± 0 . 8 -b i r d s 
U n d e t e r m i n e d 0 . 8 + 0 . 5 < - - -r e p t i l e s 0 . 1 
B e e t l e s 1 . 6 + 0. . 7 < 
0 . 1 
— - — 
B e r r i e s a n d 1 0 . 6 -r 1. . 8 0 . 2 2 . 4 ± 1 . 3 0 . 1 
p l a n t s ' * 
N 2 4 5 1 2 7 
Table 2. Geographic differences in wolf diet (F%). Slitere 
National Park = NW, Teici Nature Reserve = E, Kemeri National Park 
= central Latvia. Significant differences between Slitere NP and 
two other areas are shown (* - p < 0.05, ** - p < 0.01). 
Slitere Kemeri Teici 
Cervidae 57.1 54.5 37.5 
Wild boar 9.5 24.2* 37.5** 
Beaver 18 . 1 18.2 28 . 1 
Rodents 7.6 9.1 6.3 
Berries 12 . 4 6.1 9.4 
Other items 18.1 9. 1 9.4 
N scats 105 33 32 
Fig.l. Population dynamics of the main prey species of wolves in 
Latvia, 1995-2001 (according to the data from the State Forest 
Service). 
Fig.2. Locations of collected stomachs and scats containing 
identifiable prey items: 
Л Щ 
< 10 samples collected; 10-20 samples collected; 
> 20 samples collected. 
Fig.3. Yearly variation of wolf summer diet in Latvia (N = 238), 
1997-2001. 
Fig. 4. The range of stomach content weights in male (N = 20) and 
female (N = 35) wolves from Latvia (only stomachs with contents 
were considered). 
t 'j.g.l. Andersone and Ozolins 
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Fig.4. Andersone and Ozolins 
3 . 3 . Discuss ion and conc lus ions 
Wolves usually selectively prey on certain age and sex groups - mainly old and / 
or young animals (Okarma 1984, Peterson et al. 1984, Гордиюк 1991. Bobek et al. 1992, 
Smietana and Klimek 1993, Boyd et al. 1994, Adams et al. 1995, Linnell et al. 1995, 
Kanzaki and Perzanowski 1997, Kunkel and Pletscher 1999, Mech et al. 2001). Often 
these are females (Okarma 1991, Гордиюк 1991, Mech et al. 2001), however, selective 
predation on males is also known (Bobek et al. 1992, Huggard 1993). The fact that wolves 
prey on different age classes than human hunters do (Bobek et al. 1992, Boyd et al. 1994) 
means that hunting by humans in no ways can be a substitute for a natural predation. 
Moreover, ungulate populations can deteriorate after removal of predators (Филонов 
1982). Prey selection by human hunters is directed toward adult individuals, which can 
affect the ungulate population dynamics more than wolf-induced calf mortality (Linnell et 
al. 1995). The most precise method to assess age of prey is studying the diet by 
investigating carcasses of killed animals, which was not possible during the present study. 
Therefore, to avoid possible bias, age determination from scats was not carried out, 
although results of the pilot study (Andersone 1998a) indicated a high proportion of roe 
deer fawns in the summer diet of wolves. Further studies are needed in order to 
investigate selectivity of prey by wolves and their predation rates. 
The current study revealed that cervids (presumably roe deer) are the most 
common prey items for wolves in Latvia, however, wild boar was a preferred species 
(Andersone 1998b) similarly to the results from Estonia (Valdmann et al. 1998). 
Significance of an alternative prey, which in our case was the beaver, usually increases 
when the principal food resource is scarce (Messier and Crete 1985, Gauthier and 
Theberge 1987). Beavers were relatively uncommon in Latvia before the 1980s, when the 
beaver population started rapid expansion all over the country (Балодис 1990, Balodis 
1994), and, therefore, could have been a new type of prey, which wolves had to adjust to. 
The increase of its proportion in wolf diet could have started in the early 1990s after the 
collapse of ungulate populations caused by combination of various factors (over-hunting, 
poaching, collapse of collective farms, relieved control of the predators etc.). It is mainly 
a seasonal prey, though, as in wmtertime its availability is limited due to ice and beaver 
activity patterns (Peterson 2001, Sharpe et al. 2001). 
Local and seasonal variations in the wolf diet demonstrated that predator feeding 
ecology is dynamic, and even within Mich a small country as Latvia geographic 
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differences in the predator's diet can be found. They are determined by the variations in 
the local habitat conditions, which in their turn shape the prey community of a particular 
area. Seasonal variations are caused by the availability of various food items in different 
seasons - berries and small vertebrates are mainly available in summertime, consequently, 
they feature on the wolfs menu during that period. However, their relative biomass 
consumed was insignificant compared to that of ungulates and beavers. 
Competition for prey with other carnivore species was not very high for wolves in 
Latvia. They can seasonally compete for prey with brown bear (Завацкий 1990, 
Вайсфельд и Честил 1993) but as bears are so rare in Latvia it can hardly affect the 
population of wolves. Competition with lynx, as shown in the study, was relatively low, 
as food niche overlaped only partially. However, as the percentage of roe deer could have 
been higher in the wolf diet should other study methods have been used, it is probable that 
further studies will reveal a higher degree of competition between wolf and lynx. Yet lynx 
often is a victim of intra-guild predation by wolves (Pulliainen 1965, Matjushkin 1985, 
Завацкий 1990), thus likely to be a more vulnerable species to suffer from food 
competition. Especially, lynx have a narrower food niche, and depend on roe deer as the 
main prey in winter, even if roe deer are at low densities (Jedrzejewski et al. 1993, 
Okarma et al. 1997), while wolf as a typical generalist prey also on other species 
available. Scavengers (foxes, raccoon dogs, wild boar etc.) can consume a big part of 
wolves' kill, thus indirectly forcing predators to increase kill rates (Filonov and 
Kaletskaya 1985, Matjushkin 1985, Haber 1996). The only significant competitor for the 
wolf in Latvia is the man, hunting the same ungulate species. 
It can be concluded that: 
• Ungulates (cervids and wild boar) were shown to be the staple food for wolves 
in Latvia, in both seasons, ranging from 55.7% in summer to 76.6% in winter, 
wild boar being a preferred prey; 
• Beaver was an important alternative prey, its proportion in wolf diet (18.8% of 
summer diet) being considerably higher than elsewhere in Europe; 
• The food niche of wolves was broader in summer (B = 2.53). but ungulates 
nevertheless made up the bulk of the biomass consumed (89%); 
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• Some geographic and sexual differences were found - wolves preyed on wild 
boar considerably more in the east of the country, and male wolves hunted 
considerably more beavers than did females; 
• Livestock was only an occasional food source for wolves in Latvia but the 
carrion could be seasonally important (13.1% in winter); 
• Trophic competition with lynx was moderate, however, further studies are 
required to make the final conclusions about interrelations of these species. 
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4. Hybridisation between wolves and free-ranging dogs 
in Latvia 
4.1. Introduction 
Hybridisation is a natural part of evolution, therefore, it is anthropogenic 
hybridisation which is of concern from the conservationist's point of view (Allendorf et 
al. 2001). Hybridisation with domestic forms has been a hot issue in conservation of such 
species as the European wildcat and Australian dingo (McOrist and Kitchener 1994, 
Wilton et al. 1999, Beaumont et al. 2001, Daniels et al. 2001). Despite the controversy 
surrounding the origin of domestic dogs (Bibikov 1985), recent studies demonstrate the 
relatively recent divergence of wolves and dogs (Vila et al. 1997) indicating that they are 
closely related forms (Lorenzini and Fico 1995). However, nowadays both species occupy 
so different environments, and dogs have undergone such considerable artificial selection 
that we can speak of hybridisation if both ecological forms interbreed. 
Wolf - dog hybridisation is known from studies in the former USSR (Галака 1969. 
Кронит 1971, Ryabov 1985), Italy (Boitani 1983) and few other localities (Vila and 
Wayne 1999, Randi et al. 2000). It usually occurs under certain circumstances such as the 
lack of intraspecific mates due to a disturbed demographic and spatial structure given the 
presence of free-ranging dogs in the area (Boitani 1983, Ryabov 1985, Blanco et al. 
1992). In Latvia, no data on hybridisation was available except for a single case 
morphologically described from the early 1970s (Кронит 1971). However, the severe 
hunting pressure during the mid-1990s facilitated by a state financed bounty system must 
have influenced the wolf population in Latvia. It has declined both numerically and 
spatially (see chapter 1.2.), which suggested that hybridisation might have happened 
locally, where the wolf densities were low, as there is no shortage of potential mates -
free-ranging dogs. This was supported by occasional reports from hunters of abnormally 
coloured wolves in some parts of Latvia. That was the impetus to start the current study. 
Genetic samples were collected from wolves harvested in different parts of Latvia 
and analysed in Italy (National Institute of Wildlife Research) and Sweden (Uppsala 
University). 
The aim of this study was to look for the occurrence of wolf - dog hybrids in 
Latvia as well as to compare different methods of the genetic analysis used for detecting 
hybridisation. 
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4.2. Results 
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1 SUMMARY 
2 The identification of hybrids is often a subject of primary concern 
3 for the development of conservation and management strategies, but can be 
4 difficult when the hybridizing species are closely related and do not posses 
5 diagnostic genetic markers. However, the combined use of mitochondrial 
6 DNA (mtDNA), autosomal and Y chromosome genetic markers may allow 
the identification of hybrids and of the direction of hybridization. We used 
8 these three types of markers to genetically characterize a possible wolf-dog 
9 hybrid in the endangered Scandinavian wolf population. We first 
10 characterized the variability of mtDNA and Y chromosome markers in 
11 Scandinavian wolves as well as in neighboring wolf populations and in 
12 dogs. While the mtDNA data suggested that the target sample could 
13 correspond to a wolf, its Y chromosome type had not been observed before 
14 in Scandinavian wolves. We compared the genotype of the target sample at 
15 18 autosomal microsatellite markers with those expected in pure specimens 
16 and in hybrids using assignment tests. The combined results led to the 
17 conclusion that the animal was a hybrid between a Scandinavian female 
18 wolf and a male dog. This finding confirms that inter-specific hybridization 
19 between wolves and dogs occurs in natural wolf populations. The incidence 
20 of such hybridization may be negatively correlated with wolf population 
21 density. 
22 
2 
1 INTRODUCTION 
2 Hybridization is a natural process that can lead to speciation but also 
3 an undesirable issue threatening the genetic integrity of endangered species 
4 (Arnold, 1997). Detecting the degree or extent of hybridization between 
5 species is thus important for evolutionary studies of speciation processes, as 
6 well as for conservation biology studies of species potentially in genetic 
7 peril. Moreover, being able to detect individual cases of hybridization 
8 events may be important from a management perspective. Studies on 
9 hybridizing species and populations have increasingly sought to use genetic 
10 markers that are unique for each taxon (Saetre et al., 2001). in some cases 
11 combined with morphological characters (Beaumont et al., 2001). Also, 
12 hybrid populations have been compared to pure populations to infer the 
13 degree of gene flow (Reich et al., 1999; Madrigal et al., 2001). However, 
14 given that hybridization is most likely between closely related taxa, in many 
15 cases differentiation between hybridizing populations may be primarily in 
16 the form of allele frequency differences rather than the frequent occurrence 
17 of private alleles. Identifying individual hybrids in such cases may be 
18 particularly problematic. The issue of potential hybridization between 
19 wolves {Canis lupus) and dogs ( C familiaris) represents an example of this 
20 situation. 
21 Hybridization can occur between many species of the canid family 
22 (Gray, 1954; Lehman et al.. 1991; Mercure et al., 1993; Roy et al., 1996; 
3 
1 Wayne and Brown 2001) and sometimes threatens the survival of 
2 endangered canid species or populations (Nowak, 1979; Wayne and Jenks, 
3 1991; Gottelli et al.. 1994; Roy et al., 1994). The close relationship between 
4 wolves and dogs, a consequence of their recent divergence (Vila et al. 
5 1997), suggests that hybridization between these species could be especially 
6 common since reproductive isolation may be not completely developed. 
7 Wolves coexist with dogs across most of their range. 
8 Wolf populations in Eurasia have become increasingly fragmented 
9 during the last centuries (Mech, 1970; Wayne et al., 1992). Their numbers 
10 have dramatically decreased and in most areas of Europe only small 
11 populations survive in close contact with increasing numbers of humans and 
12 domestic dogs (Promberger and Schroder, 1992). It is under these 
13 conditions that hybridization between wolves and dogs is most likely to 
14 occur (Boitani, 1983; Bibikov, 1988; Blanco et al., 1992). Boitani (1984) 
15 hypothesized that the recovery of wolf populations in Italy could have been 
16 the result of hybridization with dogs and Butler (1994) suggested that 
17 European wolf populations could be composed mainly of hybrids. 
18 Despite these concerns, a recent review of genetic evidence has 
19 suggested that wolf-dog hybridization may not be a threat even in small, 
20 endangered wolf populations near human settlements (Vila and Wayne, 
21 1999). Specifically, the analysis of mitochondrial DNA (mtDNA) suggests 
22 that hybridization between wolves and dogs is uncommon, i.e. there is no 
4 
1 clear evidence of introgression of dog mtDNA into wolf populations, except 
2 a few cases in an east European wolf population (Randi et al., 2000). 
3 However, this infrequent presence of dog mtDNA haplotypes in wolves 
4 only implies that offspring of crosses between female dogs and male wolves 
5 are uncommon or do not back-cross into wolf populations. The use of 
6 mtDNA cannot provide any information about introgression of hybrids of 
7 crosses between male dog and female wolf. The scarce genetic information 
8 available on genetic markers corresponding to nuclear DNA suggests that 
9 this type of cross could also be uncommon, but the evidence is only 
10 circumstantial (Vila and Wayne, 1999). In fact, pairs composed of a female 
11 wolf and a male dog have been observed in Russia, Israel, Italy and Spain 
12 (Ryabov, 1985; Randi et al., 1993; Vila and Wayne, 1999: however, see 
13 Randi et al., 2000). More detailed genetic studies using a variety of genetic 
14 markers and in different populations are thus necessary to conclusively 
15 address the issue of wolf-dog hybridization and, if it occurs, to understand 
16 its directionality. 
17 Hybridization with dogs could potentially be expected for 
18 Scandinavian (Swedish+Norwegian) wolves. This wolf population. 
19 presumed extinct during the 1970s, was founded by a very small number of 
20 individuals in the early 1980s (Wabakken et al.. 2001), and by the winter 
21 2000-2001 was about 87-97 animals (Terje Bo, pers. comm.). In 1999, a 
22 presumed juvenile wolf was found road-killed in southern Norway, close to 
5 
1 Oslo. The uncommon morphology of the animal gave rise to questions 
2 about its possible hybrid origin. In this study we combined the use of 
3 mtDNA, autosomal and Y chromosome markers to analyze the identity of 
4 this juvenile canid and we attempt to genetically characterize it as either a 
5 pure Scandinavian wolf, a migrant from Finland or Russia, a domestic dog, 
6 or a first generation hybrid between any of these groups. 
7 
8 MATERIAL AND METHODS 
9 Samples 
10 The study focused on two samples from the county of 0stfold in 
11 southern Norway: sample A was blood from a juvenile individual killed by a 
12 car in October 1999 and sample В constituted snow with urine and blood 
13 collected in March 1999. Sample A is derived from the suspected hybrid, 
14 while sample В was assumed to correspond to the alpha female in oestrus 
15 from a wolf pack close to the site where sample A was killed. As far as is 
16 known, this female bred for the first time in 1999 (Terje B0, pers. com.). In 
17 the winter of 1998/99 she was in oestrus but snow tracking suggested she 
18 was not yet paired to a male. However, during spring 1999 she was sighted 
19 with a male wolf and in the summer a litter of at least four pups was 
20 detected (Terje B0, pers. com.). 
21 Samples A and В were analyzed together with DNA samples 
22 extracted from muscular tissue of wolves from Scandinavia collected after 
6 
1 1980 (n= 25), Finland (n= 23), northwest Russia (n= 24), Estonia (n= 23) 
2 and Latvia (n =8), as well as of 44 domestic dogs. The dog samples 
3 correspond to pure-bred Huskies, Eskimo dogs, Akita, Elkhound, Wolf spitz, 
4 Great Pyrenees, Kuvasz and German Shepherd dogs. Although the dog 
5 samples originated from the USA, we assume that members of the same 
6 breeds in different continents will still be more similar to each other than to 
7 different populations of wolves. A separate set of 38 male pure bred 
8 Scandinavian dogs from diverse breeds was also genotyped for Y 
9 chromosome markers. 
10 
11 Laboratory procedures 
12 DNA was isolated using variations on phenol-chloroform extraction 
13 methods (Sambrook et al., 1989). For sample B, snow containing urine and 
14 blood was centrifuged for over 30 minutes to concentrate cells before 
15 attempting DNA isolation. 
16 Amplification of a 350 base pairs (bp) fragment of the mtDNA 
17 control region I was performed via the polymerase chain reaction (PCR) 
18 using primers Thr-L 15926 and DL-H 16340 (modified from Kocher et al., 
19 1989). PCR conditions and profile were as described in Vila et al. (1999). 
20 PCR products were sequenced using Big Dye Terminator cycle sequencing 
21 chemistry on an ABI 377 instrument (Perkin Elmer), following protocols 
22 provided by the manufacturer. Sequences were aligned using the program 
1 CLUSTAL W (Higgins et al., 1992) and checked by eye. All sequences 
2 were compared to each other and to sequences available in GenBank and 
3 databases previously developed (based on Ellegren et al., 1996; Okumura et 
4 al., 1996; Taberlet et al., 1996; Tsuda et al., 1997; Vila et al., 1997; Pilgrim 
5 et al., 1998; Vila et al., 1999; Randi et al., 2000), using the program 
6 PAUP*4.0b8 (Swofford, 1998). 
Eighteen autosomal microsatellites developed for dogs were selected 
8 for this study: c2001, c2010, c2017, c2054, c2079, c2088 and c2096 
9 (Francisco et al., 1996), vWF (Shibuya et al., 1994), u213, u250 and u253 
10 (Ostrander et al., 1993), and PEZ01, PEZ03, PEZ05. PEZ06, PEZ08, PEZ12 
11 and PEZ20 (Perkin Elmer, Zoogen; see dog genome map at 
12 http://www.fhcrc.org/science/dog_genome/dog.html). In addition, one 
13 highly polymorphic Y chromosome microsatellite, MS41B (Sundqvist et al., 
14 2001), was analyzed. This marker was only genotyped in the additional set 
15 of 38 pure bred male dogs and the target samples. PCR products, including 
16 one fluorescently labeled primer, were run on an ABI 377 instrument 
17 (Perkin Elmer) following protocols provided by the manufacturer. PCR 
18 primers, conditions and profile, were essentially as in the original reports. 
19 The alleles observed for each microsatellite were sized and scored using the 
20 software Genescan 3.1 and Genotyper 2.1 (Perkin Elmer). Due to the small 
21 amount of DNA extracted from sample В only a limited number of 
8 
1 micro-satellite amplifications could be successfully performed for this 
2 individual. 
3 
4 Data analysis 
5 To study the likelihood of finding one of the observed autosomal 
6 genotypes in each one of the reference populations we used an assignment 
7 test (Paetkau et al., 1995, 1998; Waser and Strobeck, 1998). This calculates 
8 the log-likelihood of finding a certain genotype combination in each 
9 population and assigns the individual to the population for which it has the 
10 highest likelihood. From the moderate number of genotypes gathered from 
11 each population (n= 23-44) we cannot expect the samples to represent most 
12 of the variability in the populations, although the allele frequencies should 
13 be well represented. To characterize how well an individual genotype did fit 
14 into the distribution of genotypes expected from each population, we 
15 generated 1000 synthetic genotypes taking random alleles for each locus 
16 according to their frequency. Similarly, we generated populations of 1000 
17 synthetic genotypes of hybrids between dogs and Scandinavian wolves, and 
18 between dogs and wolves from neighboring populations (see Thulin, 2000). 
19 In these cases the synthetic genotypes contained one allele derived from 
20 each of the two parent populations at each locus. We then calculated the 
21 likelihood of assignment to the Scandinavian wolf population. If the 
22 likelihood of the assignment of a target sample was outside the range 
9 
1 observed for the 1000 synthetic genotype combinations we assumed that the 
2 sample did not belong to this population. To standardize the likelihood 
3 estimates, the log likelihood of assignment of the target sample to the wolf 
4 population was subtracted from the log likelihoods of the synthetic 
5 genotypes. After standardizing, the likelihood for the target sample becomes 
6 zero. If the value zero lies outside the distribution of assignment likelihoods 
7 for the synthetic population (or inside the 2.5% margins at each side of the 
8 distribution), the hypothesis that the target sample belongs to that population 
9 should be rejected. Since the number of microsatellites successfully scored 
10 was different for each target sample, the analyses were redone for each of 
11 the target samples including only the loci successfully amplified. 
12 As a complement to the assignment test we also used a model-based 
13 genetic mixture analysis developed by Pritchard et al. (2000) which is 
14 implemented in the program Structure (available at 
15 http://www.stats.ox.ac.uk/-pritch/software.html). This program is based on 
16 a Bayesian approach and we used it to identify two groups (K= 2) in a 
17 sample composed of Scandinavian wolves and domestic dogs. Besides this 
18 initial classification of each individual sample, we used Structure to estimate 
19 the probability that each sample represented an immigrant or had a parent or 
20 grandparent that was an immigrant. 
21 Assuming that the female of sample В is the mother of sample A (see 
22 below), we deduced the composition of paternally contributed alleles. We 
10 
1 constructed a synthetic genotype homozygous for those alleles and 
2 calculated its assignment likelihood to different populations. Thus, the 
3 likelihood for the paternal haplotype is the square root of the likelihood for 
4 the synthetic homozygous individual. 
5 
6 RESULTS 
7 Mitochondrial DNA sequences 
8 The Scandinavian wolf population is fixed for a mtDNA haplotype 
9 HI (Ellegren et al. 1996). This variant is also the most common in 
10 neighboring populations, present in about 65% of north European wolves, 
11 although it is not fixed in any of them (Table 1). Four different haplotypes 
12 were observed in Estonia and Finland, and five in Russia. Haplotype HI has 
13 not been reported in domestic dogs (Okumura et al., 1996; Tsuda et al., 
14 1997; Vila et al., 1997; and complete GenBank searches). Both sample Д 
15 and В were found to carry the HI mtDNA haplotype. We thus conclude that 
16 the suspected hybrid was either a pure wolf or represented a hybrid with 
17 wolf ancestry in the maternal line. However, the geographical origin of this 
18 ancestry cannot be revealed by the mtDNA data. 
19 
20 Y chromosome microsatellite 
21 Table 2 shows the alleles observed in one Y chromosome 
22 microsatellite (MS41-B) in male wolves from northern Europe and in 38 
11 
1 male dogs. Nine alleles have been observed in wolves: eight of them in the 
2 Baltic States (Estonia and Latvia), six in Russia and four in Finland. A total 
3 of eight alleles were observed in our sample of domestic dogs, including the 
4 two alleles found in Scandinavian wolves and almost all of the alleles 
5 observed in other wolf populations. 
6 Among the two target samples the Y chromosome microsatellite was 
7 successfully amplified in sample A only, confirming that this came from a 
8 male and indicating that sample В was a female. The allele identified (222) 
9 was not found in Scandinavian wolves, but has been seen in other North 
10 European wolf populations and in dogs. Thus, this result does not 
11 discriminate between a wolf or a dog as the father of sample A. However, it 
12 suggests that the father was not a Scandinavian wolf. 
13 
14 Autosomal microsatellites 
15 An assignment test comparing wolves from the Scandinavian 
16 population and dogs clearly shows that the allelic distributions allow for 
17 distinguishing between them (Fig. 1, all dogs are located above the 
18 diagonal, indicating a higher likelihood of being dogs than wolves, whereas 
19 all wolves are below the diagonal). Figure 1 also includes the target 
20 samples. Sample A lies between the distributions of dogs and wolves, a 
21 position that would be expected for a wolf-dog hybrid. Sample В appears at 
22 the limit of the distribution of wolves. This sample has the highest 
12 
1 likelihood, among all animals, of assignment to the Scandinavian wolf 
2 population; this extreme position is likely to be a consequence of the low 
3 number of microsatellites successfully scored for this individual (11). Its 
4 likelihood of being a wolf is clearly higher than the likelihood of being a 
5 dog. 
6 To analyze if the target samples differed significantly from the 
7 distribution of expected haplotypes for either Scandinavian wolves, dogs or 
8 F| hybrids, we analysed the distribution of the log likelihood of assignment 
9 to the Scandinavian wolf population of three groups: 1000 synthetic hybrids. 
10 1000 synthetic dogs and 1000 synthetic Scandinavian wolves. Figure 2 
11 (left) shows that the genotype combination of sample Л is significantly 
12 different from that expected for pure dogs or wolves, but is inside the 
13 distribution for F] hybrids. Figure 2 (right) indicates that the genotype of 
14 sample В is outside the expected distribution for hybrids or dogs, but inside 
15 the distribution expected for Scandinavian wolves. A similar analysis shows 
16 that none of the target samples can be identified as a wolf immigrant from 
17 Finland or Russia (Table 3). We also tested if the assignment likelihoods of 
18 sample A and В were outside the expected distribution for a Fi hybrid 
19 between a dog and an immigrant. The target samples were outside the 
20 distributions in both cases and thus this possibility could be excluded as 
21 well (analyses not shown). 
13 
1 The allelic composition of the two target samples is indicated in 
2 Table 4. For 10 out of 11 loci for which genotyping was successful for both 
3 sample A and B, sample В is compatible with being the parent of sample A. 
4 However, one locus (c2079) excludes this possibility: sample A is 
5 heterozygote for alleles 275 and 283, whereas В is homozygote for allele 
6 271. We consider a technical artifact to be the most likely explanation for 
this non-congruence and that sample В is indeed parent to sample A. The 
8 quality and quantity of the DNA extracted from the thawed snow (sample B) 
9 might have been so low that allelic dropout has occurred. Allelic dropout, 
10 the accidental lack of amplification of one allele, is more common in 
11 samples of poor quality (Taberlet et al., 1999). This idea lends support from 
12 the fact that seven loci failed to amplify for sample В and possibly also from 
13 the fact that 10 out of 11 (91%) of the amplifying loci appeared 
14 homozygous. The average observed heterozygosity for all Scandinavian 
15 wolves for the 18 microsatellite markers was 0.65 (S.D.= 0.16) and, 
16 consequently, for 11 loci typed for sample В we would expect to have 
17 around 7 heterozygous loci. Unfortunately, the small amount of DNA 
18 obtained for sample В did not allow for further amplifications that may have 
19 detected allelic dropout. 
20 Making the tentative assumption that sample В represents the mother 
21 of sample A, we determined the paternally contributed allele at 13 loci 
22 (Table 4). As above, the origin of the paternal haplotype was assessed by 
14 
1 comparison to synthetic genotypes (Table 3). The likelihood of obtaining 
2 this haplotype from the Scandinavian, Finnish or Russian wolf population is 
3 extremely low and outside their expected distribution expected. Also, this 
4 haplotype is not expected from a hybrid between a Scandinavian wolf and a 
5 domestic dog. However, the likelihood for the paternal haplotype falls 
6 inside the distribution for pure dogs. 
7 Additional support for these results was provided by the model-
8 based method of Pritchard et al. (2000). All Scandinavian wolves had a 
9 probability of at least 0.95 of being classified as pure wolves (the 
10 probability was higher than 0.99 for 92% of the wolves). Similarly, all dogs 
11 but one had a probability higher than 0.95 of being genetically identified as 
12 pure dogs. The target sample B, in spite of its incomplete genotype, had a 
13 probability of 0.998 of corresponding to a pure Scandinavian wolf. On the 
14 other hand, the corresponding probability for sample A was only 0.264. For 
15 this sample, the probability of having one dog as parent was 0.402 and the 
16 probability of having it as a grand parent was 0.334. The probability of 
17 assignment to the dog population was 0.000. Consequently, sample A was 
18 likely to have a hybrid origin (probability= 0.402+0.334= 0.736). 
19 
20 DISCUSSION 
21 The absence of species-specific genetic markers seemingly makes 
22 the identification of hybrids difficult, but the recent development of methods 
15 
1 aimed at identifying inter-population migrants based on the initial 
2 characterization of allelic distributions in the parent populations (species) 
3 offer new means for hybrid identification (Paetkau et al., 1995; Pritchard et 
4 al., 2000). In addition, the combined use of autosomal markers and both 
5 paternally and maternally inherited markers may allow the direction of 
6 hybridization events to be determined. However, such precise knowledge on 
7 hybridization has so far not been possible to derive due to a general lack of 
8 polymorphic Y chromosome markers. This study therefore represents one of 
9 the first applications of Y chromosome polymorphisms, together with 
10 mtDNA and autosomal markers, to study hybridization in nature (c.f. Evans 
11 et al., 2001). The combined use of the markers allowed us to conclude that a 
12 hybridization event between dog and wolf had occurred in the endangered 
13 Scandinavian wolf population. The direction of hybridization was a male 
14 dog paired with a female wolf, the latter coming from the Scandinavian wolf 
15 population. Indeed, Vila and Wayne (1999) suggested that if wolves and 
16 dogs would hybridize, the most likely direction is male dog crossing with 
17 female wolf. However, the lack of observable effects on the wolf 
18 populations led these authors to suggest that survival of hybrid pups could 
19 be difficult because dog fathers are less likely to help to raise the offspring 
20 and because their integration in wolf packs could be difficult. 
21 An important consequence from our results is the confirmation, with 
22 compelling genetic evidence, that hybridization between wolves and dogs 
16 
1 does occasionally occur in the wild and that hybrids can be successfully 
2 raised. However, as all 25 Scandinavian wolves included in the study are 
3 clearly differentiated from domestic dogs, i.e. do not show signs of recent 
4 hybridization, this indicates that hybridization may be an uncommon event. 
5 The generation of synthetic genotypes for both pure specimens and 
6 hybrids allowed an intuitive representation of the variability that can be 
expected in each population group. This method allowed us to infer that the 
8 genotype of the target sample A would be very uncommon for pure dogs or 
9 Scandinavian wolves. The generation of synthetic genotypes is dependent 
10 on a fairly accurate knowledge of the allelic frequencies. The low genetic 
11 variability of Scandinavian wolves (Ellegren et al., 1996; Ellegren, 1999) 
12 simplifies the estimation of the allele frequencies, but this can be a harder 
13 task for dogs. The strong genetic fragmentation of dogs into breeds may 
14 limit the power of hybridization tests like the one we present here. Modem 
15 breeding practices imply the almost complete reproductive isolation 
16 between breeds, each of them with a small effective population size, leading 
17 to fast inter-breed differentiation due to genetic drift (Lingaas et al., 1996; 
18 Zajc et al.. 1997; Wilton et al., 1999). The selection of local dogs belonging 
19 to the breeds that could be most likely to hybridize could increase the 
20 resolution of the test, allowing for an increase in power that could enhance 
21 the likelihood of detecting F 2 hybrids and backcrosses. 
17 
1 The birth of a litter had been detected in the area where the 
2 individual corresponding to sample A was killed. During autumn 1999 five 
3 cubs were observed. The killed animal was assumed to be one of these 
4 pups. Direct observation of the litter had suggested that these animals could 
5 be of hybrid origin. The determination of the hybrid status of sample Л 
6 confirmed the suspicion and led to the management decision to remove its 
7 presumed siblings. As a result of the management efforts, two of them were 
8 killed by government officials. Another one is believed to have been 
9 illegally killed, and the last one is unaccounted for (Terje B0, pers. comm.). 
10 This action should have reduced the chances of dog genes introgressing into 
11 the wolf population. 
12 Further research is necessary in order to confirm if fragmented and 
13 low density wolf populations that coexist with larger number of domestic 
14 dogs are at high risk of hybridization, as suggested (Boitani, 1983; Blanco et 
15 al., 1992). If this is shown to be the case, management strategies that could 
16 result in the decrease of the density of already threatened wolf populations, 
17 or in the disruption of social groups, should be avoided. 
18 
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Table 1. Mitochondrial DNA haplotypes in wolves from Northern Europe 
and in the target samples. 
Populations 
Scand. Finland Russia Estonia Sample A Sample В 
HI 25 10 6 19 X X 
H2 2 
H3 3 
H4 10 12 1 
H5 2 1 
H6 1 
H7 1 2 
28 
Table 2. Y chromosome microsatellite alleles (locus MS41-B) observed in 
male wolves from Northern Europe (data from Sundqvist et al. 2001), pure-
bred dogs, and in the target sample A. 
MS41-B alleles (bp): 212 214 216 218 220 222 224 226 228 
Scandinavia 3 9 
Finland 6 5 2 3 
Russia 8 13 1 1 1 2 
Baltic States (Estonia+Latvia) 1 5 5 5 5 4 J 
Dogs 6 2 8 7 3 5 3 4 
Sample A X 
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Table 3. Proportion (P) of 1000 synthetic genotypes in which the likelihood of assignment to the respective wolf population is 
lower than the likelihood of assignment observed for the target samples (А, В and for the synthetic father, see text). Figures 
shown in bold indicate those tests where the sample could not be excluded from the simulated distribution. N is the number of 
microsatellite loci considered for the analysis. 
Synthetic population: Assigned to: 
Sample A Sample В Synthetic father 
P N P N P 
1000 Scand. wolves Scand. wolf pop. 0.000 18 0.917 11 0.000 13 
1000 dogs Scand. wolf pop. 1.000 14 1.000 8 0.256 10 
1000 F, Hybrids* Scand. wolf pop. 0.648 14 1.000 8 0.000 10 
1000 Finnish wolves Finnish wolf pop. 0.000 18 0.000 11 0.000 13 
1000 Russian wolves Russian wolf pop. 0.000 18 0.002 11 0.000 13 
*F | Hybrid: Dog X Scandinavian wolf 
30 
Sample A Sample В Synthetic father 
Synthetic Population Assignment 
to: 
P N P P N 
1000 Scand. Wolves Scand. Wolf 0.000 18 0.917 11 0.000 13 
(-3.79) (N/A) (-11.3) 
1000 Dogs 1.000 14 1.000 8 0.256 10 
(+1.2) (+4.10) (N/A) 
1000 I', Hybrids 0.648 14 1.000 8 0.000 10 
[Dog X Scand. Wolves] (N/A) (+1.70) (-2.08) 
1000 Finnish Wolves 0.000 18 0.000 1 1 0.000 13 
(-1.19) (-0.70) (-3.31) 
1000 Russian Wolves 0.000 18 0.002 11 (-4.27) 13 
(-2.89) (N/A) 
3 1 
Table 4. Microsatellite alleles identified for each target sample. The last 
column indicates alleles that could be identified as coming from the father 
of A assuming that В is the mother. 
Locus Sample A Sample В 
Paternal allele for 
sample A 
c200l 149/153 153/153 149 
c2010 225/237 
c2017 258/266 
c2054 148/152 148/148 152 
c2079 275/283 271/271 
c2088 131/135 127/135 131 
c2096 95/103 95/95 103 
PEZ01 112/120 120/120 112 
PEZ03 132/138 138/138 132 
PEZ05 96/104 96/96 104 
PEZ06 174/174 174/174 174 
PEZ08 238/238 238 
PEZ12 272/272 272 
PEZ20 177/177 177/177 177 
u213 159/162 
u250 126/138 
u253 106/112 106/106 112 
VWF 157/157 157 
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FIGURE LEGENDS 
Figure I. Log likelihood of assignment for dogs (open triangles) and 
Scandinavian wolves (black circles). The log likelihoods for the two target 
samples (A, B) are also indicated. 
Figure 2. Distribution of the log likelihood of assignment to the 
Scandinavian wolf population of 1000 synthetic genotypes corresponding to 
dogs. Scandinavian wolves and F| hybrids between dogs and wolves. 
Values are standardized by subtracting the log likelihood calculated for each 
target sample. If the value 0 (corresponding to the target sample) is outside 
the distribution, we can conclude that the genotype of the target sample is 
unlikely to occur in the dog. wolf or hybrid population. 
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Fig. 1 
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Sample A Sample В 
P. hybrid 
P. dog 
P. Scand. wolf 
- U « > 0 S to 'S 20 70 IS 10 5 0 J • 11 10 
Fig. 2 
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4.2.2. Hybridisation between wolves and dogs in Latvia as documented 
using mitochondrial and microsatellite DNA markers 
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Abstract 
Crossbreeding between wolves and dogs in the wild has been sometimes reported, but always 
poorly documented in scientific literature. However, documenting frequency of hybridisation and 
introgression is important for conservation of wild living wolf populations and for the management 
of free ranging dogs. Here we report the results of molecular genetic analyses of 31 wolf samples 
collected in Latvia from 1997 to 1999. including six pups originated from a litter found in northern 
Latvia in March 1999, and six wolves showing morphological traits that suggested hybrid origin. 
Nucleotide sequencing of the hypervariable part of the mtDNA control-region and genotyping of 
16 microsatellite loci suggested that both pups and the morphologically anomalous wolves might 
originate from crossbreeding with dogs. Causes of wolf-dog crossbreeding, as well as possible man-
agement effort to avoid further hybridisation in the wild, are discussed. 
Key words: Canis lupus, feral dogs, hybridisation, Latvia 
Introduction 
Recent genetic Dndings ( T s u d a et al . 1997 ; 
V i l a et al. 1997; R a n d i et a l 2 0 0 0 ) indi-
cated that, in agreement with morphologi-
cal , ethological and chromosomal data 
( H e r r e and Ro i i r s 1 9 9 0 ) . wolves (Canis lu-
pus) and dogs are closely related, wolves 
being the only ancestors of domestic dogs 
( G e p t n e r and N a u m o v 1 9 6 7 ; H e r r e and 
R o i i r s 1 9 9 0 ) . Wolves and dogs have identi-
cal karyotypes, can hybridise and produce 
fertile offspring in captivity and. eventually, 
a lso in nature where they meet ( M e n g e l 
1 9 7 1 ; V i l a and W a y n e 1 9 9 9 ) . Often wolves 
and free-ranging or feral dogs use different 
ecological niches (B o i t a n i et al. 1 9 9 5 ) , but 
their interactions are variable and may 
range from a sort of predator-prey rela-
tionship to coexistence, which ultimately 
may lead to crossbreeding and hybridisa-
tion ( V i l X and W a y n e 1 9 9 9 ) . Risk of hybri-
disation in the wild could be higher in areas 
where wolves are rare and in contact with 
free-ranging dogs, as it was documented 
for the Ethiopian wolf Canis sinensis (Gof-
t e l l i et al. 1 9 9 4 ) . and feared for some wolf 
populations in Europe ( B u t l e r 1 9 9 4 ) . Hy-
bridisation has the potential to produce 
morphological, physiological and behav-
1616-50A7/O2/67/02-O79 J 15.00/0. 
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ioural changes in captive and wild-living 
canids ( M e n g e l 1971: T h u r b e r and P e t e r -
s o n 1991; L a r i v i e r e and C r e t e 1993). 
Therefore, the introgression of domestic 
genes may threaten the integrity of the gene 
pool of wild canids ( B o i t a n i 1984: G o t t e l l i 
et al. 1994). Moreover, hybridisation be-
tween wolves and free-ranging dogs de-
serves serious attention because of its eco-
logical and management consequences. For 
example, wo l f -dog hybrids tend to have 
synanthropic behaviour and are more diffi-
cult to control than wolves (B i b i k o v 1985). 
Occasional crossbreeding between wolves 
and dogs in the wild were observed in Italy 
( B o i t a n i 1983). Russia (B i b i k o v 1985). 
Ukraine ( G a l a k a 1969; G u r s k y 1975), Be -
larus (V. S i d o r o v i c h . pers. comm.), and in 
other European countries as well. However, 
field observations and genetic studies iBoi-
t a n i 1983: V i l a and W a y n e 1999: R a n d i 
and L u c c h i n i 2001) suggest that cross-
breeding might be very limited in west Eur-
opean wolf popula'.ions, while it might be 
more frequent in some parts of eastern Eur-
ope (B i b i k o v 19S5: R a n d i et al. 2000). 
V i l a et al. (1997) and R a n d i et al. (2000) 
showed that nucleotide sequences from the 
hypervariable part of the mitochondrial 
DNA control-region (mtDNA CR) define 
haplotypes that are different in most of the 
European wolf populations, and not shared 
with any of the dog breeds studied so far. 
Thus. m t D N A CR haplotypes can be used 
as maternal genetic markers to detect wolf-
dog hybridisation. Moreover. R a n d i and 
L u c c h i n i (2001) used a panel of canine mi-
crosatellite loci (Ne f f et al. 1999; D o l f et 
al. 2000), hypervarable biparental genetic 
markers, which can be used to identify indi-
vidual wolf and doz genotypes, and to de-
tect cases of hybridisation and gene intro-
gression. 
A putative case of wolf-dog hybridisation in 
the wild was described in 1971 in eastern 
Latvia, based only on morphological obser-
vations ( K r o n i t 1971). In the 1990s, hunters 
periodically reported the presence of even-
tual w o l f - d o g hybrids in Latvia ( I . J a u n p u -
Jens. pers. comm.). Therefore, within the 
wolf research project carried out from 1997 
to 1999 by the State Forest Inventory Insti-
tute, collection of wolf tissue samples for 
genetic analyses started. 
The aim of this study was to describe the 
genetic status of Latvian wolves and, using 
genetic markers to document occurrence of 
wo l f -dog hybridisation. 
Material and methods 
Wolf hunting in Latvia is permanently allowed as 
ihe means of population control. In 1997-1994. 
about 800 wolves were shot Hunters were ob-
liged to report hunted wolves, and a portion of 
ihe earcasses was used for investigations For this 
study. 31 well-preserved muscle samples were col-
lected in 1997-199S. directly by hunters or by our-
selves, when visiting the local forestry districts. 
In March 1999. a litter of seven iwo-weeks-old 
pups was found in the wild in northern Latvia. 
These pups showed variable coat colours, suggest-
ing hybridisation. Six pups were grey, one was 
black wiih white spots on the paws and breast. 
Most of the pups had pendant ears: four of them 
had tive digits on at least one hind paw. and one 
pup had six digits (the fifth was divided into 
two). Blood samples were collected from six pups. 
Samples were also collected from their potential 
mother, a wolf-like female with the signs o( recent 
lactation, and the potential father, a male with ab-
normal coat colour indicating hybndisation. Both 
were shot in ihe same area where the hybrid pups 
were found. The female also showed dog-like 
skull traits, which were determined using criteria 
of Suminskj (1975). These two animals were sup-
posed to be the potential parents of the hybrids, 
because both were regularly observed (directly 
and by snow-tracking) in the area where the pups 
were later found. Other six wolves, collected in 
Latvia, were identified as potential hybrids be-
cause of abnormal morphological traits, such as 
coat colour or dog-like skull traits (Suminski 
1975). 
Tissues and blood samples were preserved in 
100% ethanol. and in a Tris/SDS storage buffer 
(Longmire et al. 19SS) at -20 "C Total DNA was 
extracted from about 30-50 mg o( each muscle 
tissue sample using a guanidinium-silica protocol 
( G e r l o f f et al. 1995). A standard C H E L E X bod-
ing procedure (W a l s h el al. 1991) was used to ex-
tract DNA from 100 microliters from each blood 
sample. 
The entire (mtDNA C R ) was PCR-amplified in 
all samples using primers L-Pro and H-Phe. which 
were originally designed from mammalian con-
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sensus sequences of the tRNA-Pro and tRNA-
Phe genes, respectively (D o u z e r y and R a n d i 
1997; R a n d i et al. 2000). PCRs were carried out 
on a Perkin Elmer 9600 thermocycler. using the 
following steps: initial denaturation at 94 °C for 
2 minutes. 30 cycles at 94 °C for 15 seconds, 55 °C 
for 15 seconds. 72 °C for 1 minute, and a final ex-
tension at 72 °C for 5 minutes Amplification 
products were purified from low-melting agarose 
gels using Gene Clean II (BiolOl. La Jolla. CA). 
Double-strand cycle sequencing was performed 
using the PRISM Dye Terminator Kit (ABI). ac-
cording to manufacturer's instructions, with the 
external primer L-Pro and the internal primers 
H350 ( 5 - G G G CCT GAA GTA AG A ACC 
AGATGC C-3). 
Electrophoresis of the purified sequencing prod-
ucts was carried out using an ABI 373A automatic 
sequencer. Sequences were aligned to a set of 
available mtDNA CR haplotypes from European 
wolves (Randi et al. 2000). using the software 
CLUSTALW (Thompson et al. 1994). Sequence 
divergence and phylogenetic relationships among 
the haplotypes were estimated by neighbor-joining 
analysis ( N J : Sajtou and Nei 1987) of pairwise Ta-
mura-Nei genetic distances (TN; T a m u r a and N e i 
1993), using the computer program PAUP* 4.0 
( S w o f f o r d 1998). 
Individual genotypes were determined using a set 
of 16 microsatellites (Randi and L u c c h i n i 2001). 
originally derived from dogs (Neff et al. 1999). 
which are polymorphic in wolf populations (Rov 
et al. 1994; E l l e g r e n et al. 1996; D o l f et al. 
2000). These microsatellites were PCR-amplified 
in volumes of 10 microliters (containing 50 ng of 
DNA solution. 10 mM Tris-HCT. pH S.3. 50 mM 
KC1. 1.5MgCI:, 0.1 jig BSA. 2nmol of each 
dNTP. 0.25 units of Taq polymerase and 1-5 pmol 
of fluorescently labelled primers) using a Perkin 
Elmer 9600 thermal cycler. The microsatellites 
were analysed using an ABI 373A automatic se-
quencer and the software GENOTYPER 2.1. In-
ter-individual relationships and assignment tests 
of microsatellite genotypes were performed using 
the programmes KINSHIP 1.2 (G o o d n i g h t and 
Q u e l l e * 1999), and STRUCTURE (P r i t c h a r d 
et al. 2000), respectively. 
Results 
Mitochondrial DNA CR haplotypes in the 
Latvian samples 
We extracted 31 D N A samples from Latvian 
wolves listed in table 1. Based on pheno-
types. individuals W448 to W468 (n = 19) 
were identified as pure wolves, individuals 
W452 and W526 to W530 (n = 6) were iden-
tified as putative hybrids, and W513 lo 
W518 (n = 6) were the hybrid pups. From 
these samples we sequenced about 294 nu-
cleotides from the hypervariable part of Ihe 
m t D N A C R . which were aligned and added 
to an extensive collection of canine mtDNA 
C R sequences ( R a n d i et al. 2000). The NJ 
tree depicting phylogenetic relationships 
among these sequences (Fig. 1) showed that 
sequences from the 19 Latvian wolves joined 
into two distinct groups of wolf haplotypes. 
The first one (including samples W449. 
W455, and W456) joined into a basal wolf 
clade (supported by BP =59%) related to 
other wolf and dog sequences. All the other 
Latvian sequences joined more derived 
clades (one supported by BP = 70%. plus 
closely related haplotypes W450 and W45S) 
including only those wolf haplotypes. which 
are distinct from any other known dog hap-
lotype. 
The six hybrid pups (W513 to W518) 
showed a unique m t D N A C R sequence, 
which was identical to other Latvian wolf 
haplotypes (Fig. 1). thus suggesting that 
their mother was a wolf. In fact, female 
W529. which was indicated as the putative 
hybrid mother of the pups, showed the 
same mtDNA C R haplotype of the pups. 
Male W452. which was indicated as the pu-
tative hybrid father of the pups, showed a 
unique haplotype. not shared with any 
other wolf, which was related to the Latvian 
wolves joining the basal clade (Fig. 1). The 
other four putative hybrids showed two dis-
tinct mtDNA haplotypes: the first one (in 
samples W526. W527, and W528) was iden-
tical with the haplotype of the hybrid pups, 
the second one (W530) joined a clade in-
cluding only dog haplotypes Thus, we sug-
gest that sample W530 had a mtDNA of do-
mestic origin. 
Microsatellite variability and identification 
of pup genotypes 
The distributions of allele frequencies at 
16 microsatellite loci (Fig. 2) in the studied 
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Table 1. tist of the Latvian wolf samples studied. 
Sample label Sampling locality Phenotype 
W448 Latvia Wolf 
W449 Latvia Wolf 
W450 Latvia Wolf 
W451 Latvia Wolf 
W453 Latvia Wolf 
W454 Latvia Wolf 
W455 Latvia Wolf 
W456 Latvia Wolf 
W457 Latvia Wolf 
W458 Latvia Wolf 
W459 Latvia Wolf 
W460 Latvia Wolf 
W461 Latvia Wolf 
W462 Kostantinova Wolf 
W463 Kostantinova Wolf 
W464 Kostantinova Wolf 
W467 Latvia Wolf 
W468 Latvia Wolf 
W469 Latvia Wolf 
W529 Difc(i (North Latvia) Putative hybrid mother 
W452 Aloja (North Latvia) Putative hybrid father 
W513 Aloja (North Latvia) Hybrid pup 
W514 Aloja (North Latvia) Hybrid pup 
W515 Aloja (North Latvia) Hybrid pup 
W516 Aloja (North Latvia) Hybrid pup 
W517 Aloja (North Latvia) Hybrid pup 
W518 Aloja (North Latvia) Hybrid pup 
W526 Padure (West Latvia) Putative hybrid wolf 
W527 Aloja (North Latvia) Putative hybrid wolf 
W528 Padure (West Latvia) Putative hybrid wolf 
W530 Kuldiga (West Latvia) Putative hybrid wolf 
Latvian wolves and in the putative hybrids 
were compared to a sample of 95 dogs (data 
from R a n d i and LUCCHINI 2001). The hy-
brid pups showed several alleles that were 
present only in the dog sample and that 
were absent from the Latvian wolves. For 
example, alleles 97 and 107 at locus CPH2 
of hybrid pups were absent in the Latvian 
wolf sample, while they were present at re-
latively high frequency in dogs. Also, al-
leles 173 at locus CPH7, 152 at locus 
CPH9, 129 and 149 at locus C09.250. and 
158 at locus vWF.X of hybrid pups were 
shared only with dogs. O n the other hand, 
alleles 203 at bocus CPH12 and 134 at locus 
vWF, which were shared between the pups 
and the Latvian wolves, were absent in the 
dog sample (Fig. 2). These results, there-
fore, suggest a hybrid origin of the pups. 
The assignment test, performed wiih 
S T R U C T U R E , showed that all dogs and 
all the Latvian wolf samples were assigned 
to two distinct clusters (cluster I and II . re-
spectively) with individual probability va-
lues q > 0.93 (Tab. 2). Using the dogs and 
Latvian wolf samples as population refer-
ence we performed an assignment test on 
all pups and putative hybrids. All of them 
showed a mixed ancestry in both dog and 
wolf clusters, except wolf W528 that was as-
signed to the Latvian wolf population (clus-
ter I I ) with q = 0 . 9 0 . Wolves W526 and 
W527 were also assigned to the wolf cluster 
but with a q < 0.90. Sample W530, the one 
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ive hybrid wolves 
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Fig. 1. Neighbour­joining tree, computed using Tamura­Nei DNA distances, showing the phylogenetic relation­
ships among wolf and dog mtDNA CR haplotypes. Bootstrap values obtained after 1 ООО resamplings are indicated 
only for those branches supported by values higher than 50%. Latvian wolves and putative hybrids are indicated 
in bold. Wolf and dog haplotypes are indicated with W and D. respectively, and the same numbe­s used in Randi 
et aL (2000). The geographical origin of the wolves' haplotypes are as follows: Bulgaria ­ Wl. W2. W5. W6. W9. 
W15. W16; Croatia. W3. W10; Greece­W4; Finland ­ W7, W8. W13; Turkey­W9; Israel­Wll. W12: Ita­
ly = WH; Spain W19. W20. 
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Fig 2. Distributions of tie allele frequencies at 16 microsatellite loci in 95 dogs (grey bars; data from Randi and 
Lucchini, 2001). in the 19 Latvian wolves studied (black bars) and in the putarively hybrid wolves (white bars). 
The horizontal scales indicate the molecular weights (in base pair length) of the different alleles; the vertical 
scales indicate the relative allele frequencies. 
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Table 2. Results of the assignment of individual microsatellite genotype to distinct cluster I and II. performed 
with STRUCTURE (K ­ 2: Usepopinfo • 1). The q values reported indicate the probability of individual genotypes 
to have ancestry in one or two genetic clusters. For sample identification see Tab. 1. 
Sample Cluster I Cluster П 
(dogs) (wolves) 
Dogs >0.93 <0.07 
Latvian wolves <0.07 >0.93 
W452 putative father 0.37 0.63 
W529 putative mother 0.52 0.48 
WS13 pup 0.82 0.18 
W514 pup 0.72 0.28 
W515 pup 0.73 0.27 
W516pup 0.46 0.56 
W517 pup 0.65 0.35 
W518 pup 0.77 0.23 
W526 putative hybrid 0.12 0.88 
W527 putative hybrid 0.12 0.88 
W528 putative hybrid 0.10 0.90 
W530 putative hybrid 0.86 0.14 
which showed a dog mtDNA haplotype. 
was assigned to the dog cluster with a high 
probability (q = 0.86). thus suggesting it 
could be a hybrid back­crossed into the 
dog population or simply a stray dog. The 
putative hybrids W529 and W452 presented 
the more evident ancestry in the dog popu­
lation with a probability to be assigned to 
the dog population of q = 0.52 and q = 0 . 3 7 , 
respectively. 
Analyses of relatedness performed using 
KINSHIP allowed estimating the likelihood 
of two hypothetical pedigree relationships, 
a primary versus a null hypothesis, for each 
individual pair. Likelihood ratios of pri­
mary/null hypotheses > 1 suggest that the 
primary hypothesis is the most probable, 
with confidence levels computed by simu­
lating 10000 dyads sampled from the allele 
frequencies of the reference population. In 
this study, we tested a primary hypothesis 
of first­order relationships (e.g.. dyads re­
present full sibs or parental­offspring with 
expected relatedness r = 0.5) versus a null 
hypothesis of n o relationships (r = 0.0) in 
all the genotypes found in the study areas. 
When ratios between primary and null hy­
pothesis are statistically significant, we can 
reject the null hypothesis and avoid a 
type II error (that siblings are incorrectly 
classified as unrelated) at a given level of 
significance. Results showed that the puta­
tive mother W529 had a highly significant 
p < 0.001) parental relationship with the 
pups. Thus, both m t D N A and microsatellite 
data suggested that the six pups are hybrids, 
and that female wolf W529 might be their 
(hybrid) mother. Wolf W452 resulted not 
significantly related to the pups, indicating 
that probably it was not the father. 
Discussion 
Recent studies (VILA et al. 1 9 9 7 : RANDI et 
al. 2000) indicated that nucleotide se­
quences from the hypervariable part of the 
m t D N A C R define haplotypes that are dif­
ferent in most of the European wolf popu­
lations, and not shared with any of the dog 
breeds studied so far. Thus. mtDNA C R 
haplotypes can be used as maternal genetic 
markers to detect w o l f ­ d o g hybridisation. 
Moreover. DOLF et al. (2000) and R A N D I 
and LUCCHINI (2001). using canine microsa­
tellites to identify individual Italian wolf 
and dog genotypes, showed that these loci 
can be used to detect w o l f ­ d o g hybridisa­
tion and introgression of domestic genes 
into wild­living wolf populations. 
86 ZANETE ANDERSONE et al. 
Extensive molecular analyses of wolves in 
Spain (VILA et al. 1 9 9 9 ) and Italy ( R A N D I et 
al. 2 0 0 0 ; RANDI and LuccHrNi 2 0 0 1 ) sug-
gested that crossbreeding with dogs and in-
trogression of domestic genes into wild po-
pulations is rare in western Europe. 
However. mtDNA data documented some 
putative cases of hybridisation in east Euro-
pean countries (RANDI et al. 2 0 0 0 ) . Results 
from this study confirm that crossbreeding 
of wolves and dogs might occur more fre-
quently in eastern Europe than elsewhere. 
Rates of hybridisation and introgression 
might vary due to variable local ecological 
conditions or due to the relative density of 
wild living wolves and free ranging dogs. 
Field observations and genetic analyses pre-
sented in this study document the occur-
rence of w o l f - d o g crossbreeding in Latvia. 
A litter of wolf pups found in March 1 9 9 9 
in northern Latvia showed a m t D N A C R 
haplotype that was previously found in 
wolves from Finland (haplotypes W7 and 
WS in RANDI et al. 2 0 0 0 ) . These wolf haplo-
types are distinct from the dog haplotypes 
described so far. However, results of assign-
ment tests based on microsatellite allelic 
variability, and external morphological fea-
tures concordantly indicate a hybrid origin 
of the litter. Morphologically all six pups re-
sembled mongrels, having coat colour unu-
sual for wolves. Such kind of coat colour 
variability of w o l f - d o g hybrids, which fre-
quently show white spots or are darkly col-
oured, has been reported in the literature 
(BIBIKOV 1 9 S 5 ; ZIMEN 1 9 9 7 ) . Moreover, the 
observed period of delivery, which occurred 
at the end of February, was not typical for 
wolves in Latvia, where pups usually are 
born in late April-May. 
About 44% of the Latvian territory is still 
forested, the proportion of forested areas 
ranging from 2 5 % in southern Latvia, the 
region with the most intensive agriculture, 
up to more than 7 0 % in western and north-
ern Latvia. These habitat conditions are 
very favourable for wolves. Prey species, in-
cluding moose Alces alces, red deer Cervus 
elaphus, roe deer Capreolus capreolus, wild 
boar Sits scrofa, European beaver Castor fi-
ber, mountain and brown hare Lepus timi-
dus and L. europaeus. and many small prey 
species are also abundant. In the area, 
where the hybrid pups were found, all these 
prey species are present and the forest cov-
erage is high (about 50%). Nevertheless, 
the potential mother of the hybrid pups was 
observed to feed regularly at garbage sites. 
The limited available data do not allow esti-
mating the extent and rate of w o l f - d o g 
crossbreeding in Latvia. However, the docu-
mented cases of crossbreeding suggest that 
hybridisation may be a threat to wild living 
wolves, at least in some areas of Latvia. 
Hybridisation might be sustained by several 
factors. First, the number of free-ranging 
dogs is very high in Latvia (Fig. 3). In 1971. 
there were 174000 stray dogs in the coun-
tryside (TAURINSH and YANSON 1975). Only 
some of these dogs were truly feral, and 
most of the others were free ranging dogs 
owned by farmers. D o g owners in the coun-
tryside are still not aware or simply do not 
care about the possible consequences of 
keeping free-ranging dogs. It is a common 
practice in the rural areas of Latvia for 
owners to let dogs roam freely nearby their 
farms. Free ranging dogs differ from small 
to large sized breeds, but German shepherd 
dogs and similar morphotypes are common 
and can be appropriate partners for disper-
sing solitary wolves. 
The intensive wolf hunting that occurred 
during the last years could also favour cross-
breeding with dogs. Wolf density in Latvia 
fluctuated widely depending on hunting ac-
tivity. In the 2 0 , h century, the number of 
wolves in the country ranged from almost 
zero up to more than 1000 (ANDERSONE 
and OZOLINS 2000 a). Now wolf hunting in 
Latvia is allowed throughout the year. The 
annual hunting bag in the middle of the 
1990s exceeded 300 individuals (Fig. 3). Such 
a severe hunting pressure caused a sharp po-
pulation decline, and both wolf population 
size and range decreased in the last few 
years across the country. Currently, the wes-
tern and eastern parts of the Latvian wolf 
population are, at best, only weakly con-
nected (Fig. 4). Genetic drift due to popula-
tion isolation and decline could have already 
produced some morphological divergence 
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1991 1992 1993 1994 199S 1996 1997 1998 1999 2000 
year 
Fig. 3. Number of wolves and stray dogs hunted in Latvia. 1991­2000 (according to data of the State Forest 
Service). 
Fig. 4. Distribution of counted and shot wolves in Latvia. 2000. The grey shading indicates forest distribution. 
Altogether. 144 wolves were shot from 1 April 1999 till 31 March 2000 (according to data of the State Forest Ser­
vice). • more than one specimen shot in a local forestry district (ca 150­200 km* area); • one specimen shot in 
a local forestry district; О n ° specimen shot but occurrence recorded 
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(ANDERSONE and OZOLINS 2000 b) and may 
reduce genetic diversity and raise rates of in-
breeding in the future (RANDI 1993). 
Rates of crossbreeding could be higher in 
wolf populations surviving at low density 
(Randi and Lucchini 2001). All reported 
cases of hybridisation in Latvia, the present 
one from northern Latvia, one in the 1970s 
(KRONIT 1970) and one from western Latvia 
(I. JAUNPUJENS, pers. comm.) occurred in 
areas of low population density, where few 
wolves are present, according to the annual 
census data of the State Forest Service 
(Fig. 4 ) . These areas are forested, and can 
provide predators with prey and den sites, 
thus allowing stray dogs to survive in the 
wild. 
Wolves often prey on dogs (BIBIKOV 1985: 
SABANFJEV 1988). which constitute 22% of 
all domestic animals attacked by wolves in 
Latvia (ANDERSONE et al. 2001). However, 
when wolf population density is low and 
their social structure is disrupted, wolves 
can interbreed with widespread free-ran-
ging dogs (BIBIKOV 1985). It is obvious that 
dogs" keeping regulations are crucially im-
portant for forested areas where feral dogs 
Zusammenfassung 
can find excellent habitat and crossbreed 
with the few wolves present or with migrat-
ing wolves invading the area. 
This study suggests that, locally in Latvia, 
the social structure of wolf populations 
may have been disrupted, thus leading to 
increasing hybridisation. 
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Hybridisation von Wolfen und Hunden in Lettland, dokumentiert uber mitrochondriale 
und Mikrosatelliten-DNA-Marker 
Uber die Kreuzungen von Wolfen und Hunden in freier Wildbahn wurde manchmal berichtet, aber 
wenig oder gar nicht in der wissenschaftlichen Literatur dokumentiert. Es erscheint aber von Be-
deutung, Vorstellungen iiber die Haufigkeit derartiger 8astardierungen zu erhalten, da Introgressio-
nen von Hundegenen in das Wolfgenom von unmittelbarer Relevanz fur den Schutz der Wolfe und 
das Management von frei laufenden Hunden ist. In dieser Studie wurden von 31 Wolfen molekular-
genetische Analysen durchgefuhrt, darunter waren auch sechs Welpen eines Wurfes aus dem Norden 
von Lettland. Sechs dieser Wolfe wiesen morphologische Kennzeichen auf, die auf Hybridisation mit 
Hunden hindeuteten. Die nukleotide Sequenz des hypervariablen Teils der mtDNA und der Genotyp 
von 16 Microsatellit-Lori deuteten darauf hin, dafs sowohl die Welpen als auch die morphologisch 
verdachtigen erwachsene Wolfe Hybriden waren. Die Ursache derartiger Kreuzungen und auch mog-
liche Managementmaftnahmen zur Vermeidung derartiger Vorkommnisse werden diskutiert. 
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4.3. Discuss ion and conc lus ions 
Traditionally, hybridisation between wolves and dogs was detected by 
morphological features (Галака 1969, Кронит 1971, Ryabov 1985, Stubbe, 1989, Zimen 
1997), which is not a reliable method as hybrids can be morphologically very similar to 
wolves (Ryabov 1985). Unusual pelt colour and pup delivery times were the most 
common indications of hybridisation (Ryabov 1985). Some attempts to distinguish 
between metrical parameters of wolves and dogs or hybrids appeared to be unsuccessful 
(Suminski 1975b, Гурский 1975), although some allometrical dissimilarities can be 
indicative of hybridisation (Clutton-Brock et al. 1994). When genetic methods developed, 
it became possible to study the relationships between individuals on the DNA level, which 
has so far been the most precise technique for studying species evolution (Wayne et al. 
1992, Vila et al. 1997, Wilson et al. 2000) and isolation effects (Randi 1993, Randi et al. 
2001). Some methods such as using mtDNA markers have limitations, as they can track 
only maternal lines and introgresson of female dog genomes is a rare event (Randi et al. 
1995), while the combination of mtDNA, autosomal, and Y-chromosome markers gives 
the best results (see chapter 4.2.1.). 
When checking Y-chromosome haplotypes, the Latvian wolf population showed a 
high genetic diversity compared to the isolated population of Scandinavia (Sundqvist et 
al. 2001). Also, the mtDNA variability was higher in non-isolated populations (Randi et 
al. 2000). However, genetic diversity is not necessarily a sign of a stable population 
structure - over-hunted wolf populations can have a high rate of individuals' turnover 
resulting in higher genetic diversity on the pack level (Jedrzejewski et al. 2000). 
Interestingly, Scandinavian wolves share one Y-chromosome haplotype with the Baltic 
wolves (Sundqvist et al. 2001), which is obviously an indication of a common origin of 
these populations, although recent exchange between the populations seems to be very 
unlikely due to the geographic isolation. 
Documented cases of hybridisation in Latvia were found in the area where wolf 
density was low, which conforms to the generally accepted theory of hybridisation 
reasons (Boitani 1983, Lehman et al. 1991). Most of the analysed samples (61%) from 
Latvia showed no signs of previous hybridisation events, which can be partly explained 
by the fact that the majority of samples was checked using mtDNA analysis revealing 
only maternal line. The proportion of pureblood wolves would be even higher if samples 
were collected from "normal" wolves, while we were more interested in confhrniisg the 
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origin of doubtful cases having unusual morphological features. A few hybridisation cases 
found cannot seriously threaten the population provided that it is not isolated from the 
main population eastwards from Latvia (Andersone et al. 2001). However, such cases are 
an indication of the population's over-exploitation, and wildlife managers should take it 
into account when planning wolf harvest in the future. 
It can be concluded that: 
• Hybridisation between wolves and dogs in Latvia has been documented by 
genetic methods for the first time; 
• Hybridisation was a relatively rare event, however, presumably more common 
than found in other localities in Europe; 
• The combined use of mtDNA, autosomal and Y-chromosome markers could 
be recommended for better identification of wolf - dog hybrids; 
• Hybridisation cases were found in localities with low wolf densities, being in 
conformity with the known preconditions for wolf - dog hybridisation; 
• All but one hybrid originated from a particular area in northern Latvia, 
suggesting that hybridisation was rather a local problem; 
• Hybridisation was likely to be the consequence of improper wildlife 
management - over-exploitation of wolves and an abundance of stray dogs, 
therefore, more flexible wolf management principles and reduction of hunting 
pressure on the species (especially in areas with low wolf density) as well as 
dog control could be recommended. 
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5. Practical implications 
Before setting any management goals, census issues should be resolved (Linnell et 
al. 1998). At the moment, over-estimation of large carnivore numbers is widespread -
each forestry unit counts wolves separately, therefore, the sum exceeds the real number of 
wolves. There are a wide variety of methods and approaches to carnivore monitoring and 
abundance estimation (Seber 1982, Cavallini 1994, Becker et al. 1998, Linnell et al. 1998) 
but most of them are time- and resource-consuming and, therefore, require co-ordination. 
For large carnivore management, co-operation between neighbouring jurisdictions is 
crucially important (Fritts and Carbyn 1995). For a better wolf monitoring, it can be 
recommended to continue monitoring of harvested animals and to introduce simultaneous 
sessions of extensive snow-tjacking in order to avoid double-counting. However, as the 
snow conditions are unstable in the recent years, radio-telemetry is of vital importance. 
It was proposed in the Latvian Wolf Action Plan (Ozolins and Andersone 2000) 
that hunting quotas be set for the whole country, and the hunting season would be closed 
as soon as the quota is reached. The Action Plan does not have legal implications yet, and 
it is unlikely to happen in the near future. Legislative issues are one of the most 
complicated to deal with (Vraka 1997), but this is also the most important issue because 
available habitat alone is not a guarantee for a successful carnivore conservation (Linnell 
et al. 2001). In the Soviet times, the Baltic countries were included in the zone of medium 
wolf control, allowing no more than 2 ind./ 1000 km 2 (Bibikov et al. 1985b). The current 
number is about three times higher, which can be regarded as a compromise between 
hunters and conservationists. About 30% of the early winter population is the maximum 
harvest tolerated by wolves (Pulliainen 1985, Anonymous 1997), 30-40% harvest often 
causing the decline of wolf populations (Peterson et al. 1984, Ballard et al. 1987). This 
threshold was obviously exceeded in the anti-wolf campaign of the mid-1990s in Latvia. 
The wolf is a species with a highly organised social structure (Mech 1999, 2000). 
Therefore, however quickly wolf populations can recover following heavy hunting 
pressure (Bibikov et al. 1983), numerical recovery does not ensure a population's stability 
as over-exploitation can adversely affect wolves' behaviour, social structure, genetic 
variations etc. (Haber 1996). Heavy hunting pressure is known to reduce pack size 
(Peterson et al. 1984, Okarma et al. 1998), while the home range size increases with 
population reduction (Bibikov et al. 1983). There are indie?'ions of that in Latvia bin 
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more research is required. Studies on home range size are essential as it varies a lot 
depending on the local conditions (Bibikov et al. 1985a, Ballard et al. 1998, Findo 1998, 
Jedrzejewski et al. 2001). Knowing the size of the home range also helps to assess the 
total population size (Linnell et al. 1998). 
Wolves are very mobile ariimals (Musiani et al. 1998, Jedrzejewski et al. 2001), 
being effective at dispersal and re-colonisation (Pulliainen 1980, Bjarvall 1983, Pulliainen 
1985). There is a constant exchange between wolf populations in the Baltic countries and 
Russia (Ozolins and Andersone 2000, Andersone et al. 2001) where wolf density is higher 
(V.Fedotov, State Informational - analytical centre of game ariimals and the environment, 
Russia, pers. comm.). Being strictly territorial animals, wolves are guarding the 
boundaries of their home range from strange wolves (Harrington and Mech 1983, Mech 
1994, Бологое 1984), while over-hunting destroys the social structure of local packs 
(Haber 1996) attracting new animals from the adjacent areas (Bibikov and Filimonov 
1985). However, from the conservation point of view, relying on immigration has its 
ecological drawbacks, as there is a time lag, while re-colonising wolves adapt to local 
conditions (Кудактин 1984). Therefore, it can be suggested that only a surplus production 
should be harvested (especially in the areas bordering Russia and Belarus) in order to 
ensure the stable social and spatial structure of local wolves. Also, cross-border and 
internal ecological corridors should be maintained in the future to provide free genetic 
exchange. The link between the Kurland Peninsula and the eastern part of Latvia is 
especially important in the view of the results of the craniometrical analysis (see chapter 
2.2.2.). Therefore, hunting limitations on wolves and lynx should be introduced in the 
Kemeri National Park and adjacent areas in southern Latvia, which is the main link 
between the west and east of the country. Data on migration via Lithuania are absent but 
the high degree of habitat fragmentation in that country (Bluzma 1999) makes it unlikely. 
The strict wolf control in Latvia is justified by the hunters' interests of mamtaining 
high ungulate densities (Gaross 1997). However, reducing predation as one mortality 
factor for ungulates does not mean that the overall mortality will decrease as the 
significance of other mortality factors may increase (Филонов 1980), which makes the 
logic of wolf control campaigns very questionable. Besides, predators alone can rarely 
cause a decline in prey populations, which is usually caused by a combination of several 
factors (Gauthier and Theberge 1987, Peterson 2001). However, wolves can severely limit 
ungulate populations once the low-density phase has been established (Skoog 1983, 
Gasaway et al. 1992, Hayes and Harestad 2000b). Effects of predation and harvest can be 
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cumulative and are likely to cause ungulate population decline (Gauthier and Theberge 
1987, Jedrzejewski et al. 2000). That was the situation in the early 1990s in Latvia. To 
halt the ungulate decline, it can be necessary to reduce both wolf numbers and hunting 
(Gauthier and Theberge 1987), while in Latvia the main emphasis was put on the wolf 
control only. Now, when wolf numbers have been significantly reduced, sustainable 
harvest of wolves can be recommended, providing a stable wolf population is conserved. 
To avoid additive effect of predation and harvest on ungulate populations in the future, it 
is important to take into account the carnivores' impact when setting the hunting quotas 
for ungulate species. An alternative, somewhat more effective method of controlling 
harvest would be regulation of the harvesting effort (e.g., by means of a flexible hunting 
season depending on particular conditions), which is regarded as a safer and more 
efficient means of population management (Caughley and Sinclair 1994). However, due 
to the lack of preventive measures to avoid damage to sylvi- and agriculture by game 
ammals, high densities of ungulates are unlikely to be tolerated, which is another 
drawback for carnivore conservation in Latvia. 
Wolves can effectively control beaver populations (Potvin et al. 1992, Peterson 
2001), provided that both species reach high levels (Shelton and Peterson 1983). From 
this viewpoint it can be recommended to ensure stable wolf numbers in areas with 
significant beaver damage. There was also an attempt to use predators' smell as a 
repellent to reduce damage by beavers (Rosell and Czech 2000), which could be worth 
trying under Latvian conditions. 
At the moment, farmers do not use any protection measures to prevent livestock 
damage, which is, however, negligible compared to some other European countries 
(Fourli 1999) due to the overall agricultural depression in the country. Very simple 
measures like fladry (Musiani and Visalberghi 2001), fences or night-time enclosure of 
livestock (Linnell et al. 1996, Nowak and Myslajek 1999b) could help to protect domestic 
animals. Livestock tends to be only seasonally available to predators (Pulliainen 1963, 
1965), therefore, it is only a temporary prey for wolves, which otherwise rely on wild 
animals as a food resource wherever available (Priklonsky 1985, Vos 2000). Provided that 
effective protection measures are taken, and garbage (especially leftovers from slaughter-
houses) is disposed of properly, positive conditioning of wolves to livestock as a source of 
food is unlikely. Also, proper wolf management is essential. E.g., hunting wolves in 
summer time should be banned as elimination of one adult partner of a wolf-pair raising 
pups may cause increased depredation on livestock. Therefore, in the wolf areas, farmers 
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should be informed about the most cost-effective protection methods and obtain financial 
support from the state for installation of the necessary devices (e.g., fences) when 
necessary. 
It should be noted that large carnivore management cannot be separated from 
socio-economics, which is a matter of a recently developed human dimensions research 
(Kellert 1985, Bath and Buchagan 1989, Bath 1994, Bath 1996, Kellert et al. 1996). It 
includes investigation of public opinion and, consequently, educational activities to 
increase the level of public awareness and changing the attitudes. The best conservation 
efforts will be fruitless if the public opinion about large carnivores is negative 
(Breitenmoser 1998). A pilot human dimensions study was also carried in Latvia in 2001 
(Andersone and Ozolins unpubl.), revealing that the general public is more in favour of 
large carnivores than hunters. It is an unstable situation and more efforts should be put 
into education of different interest groups, especially of those involved in nature-related 
activities. 
Wolf hybridisation with dogs has important practical implications (Ryabov 1985) 
for wildlife management as it is very likely to have negative consequences for game fauna 
and livestock owners, and should be avoided by all means possible. As there is a negative 
correlation between wolf and dog abundance (Blanco et al. 1992, Ovsyanikov and 
Poyarkov 1996), it is crucial to control stray dogs in areas with low wolf densities. At the 
same time it is necessary to manage the wolf population in a sustainable way ensuring a 
stable social stnicture at a certain numerical level. Monitoring the demographic structure 
of harvested wolves will help to detect any dangerous trends and allow reaction by 
changing management practices. 
The future priorities in regard to wolf research and management are as follows: 
• Establish a reliable system for large carnivore monitoring; 
• Change the wol fs legal status by extending the closed season and, possibly, by 
introducing hunting quotas; 
• Monitor the demographic structure of harvested wolves in order to detect 
undesirable trends and adequately change management practices; 
• Carry out a field research using radio-telemetry techniques in order to study 
predation rates and wolf impact on ungulate populations, homes range size and 
spatial structure in Latvia; 
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Set hunting quotas for ungulates, taking into account predation by wolves and 
lynx, or alternatively, provide a flexible hunting season in order to regulate 
hunting effort; 
Control stray dogs and ensure that wolf management in Latvia provides a 
stable social and spatial structure of the predator's population; 
Develop international co-operation to continuously monitor movements of 
large carnivores in cross-border areas; 
Ensure maintenance of ecological corridors in cross-border areas and within 
the country by applying regional hunting bans for a particular species or during 
a certain period; 
Raise public awareness, especially in such nature-oriented target groups as 
farmers and hunters; 
Ensure state support for preventive measures against livestock depredation 
whenever necessary. 
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Conclusions 
Wolves are currently widely distributed and relatively numerous in Latvia, occurring 
in all forestry units and numbering 300-500 individuals. 
Morphologically, Latvian wolves are similar to the wolves from other areas of 
European forest zone. The degree of sexual dimorphism typical for Latvian wolves 
was determined both for body size and weight and for cranial parameters, males being 
bigger than females. The occurrence of polydonty and oligodonty was not higher than 
elsewhere within the Eurasian distribution of wolves. 
Craniometrical differences in wolves from western and eastern Latvia suggest some 
disruption of the population has occurred, probably due to different hunting intensity 
in eastern and western parts of the country, however, further morphometries and 
demographic studies are necessary to clarify this phenomenon. 
Ungulates (cervids and wild boar) are the staple food for wolves in both seasons but 
wild boar is a preferred prey. Wolf diet is more diverse in summer but ungulates made 
up the bulk of the biomass consumed in both seasons. Some geographic and sexual 
differences in the diet were found - wolves preyed on wild boar considerably more in 
the east of the country, and males hunted considerably more beavers than did females. 
Carrion can be an important food item in winter, therefore, proper garbage disposal is 
essential in order to prevent undesirable food conditioning of wolves. 
Beavers were found to be an important alternative prey making up to a third of the 
wolf summer diet. Their proportion in the wolf diet in Latvia was considerably higher 
than elsewhere in Europe. 
Trophic competition with lynx was moderate, however, more studies are required to 
farther analyse the relationships between these species. 
Wolf - dog hybrids were found in the localities where wolf densities were low due to 
over-hunting by humans. Hybridisation between Latvian wolves and stray dogs is a 
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relatively rare event, which cannot pose a serious threat to the Latvian wolf 
population, however, it was relatively more common than elsewhere in Europe. 
Further management based on the principles of sustainable harvest should prevent 
favourable conditions for such cases in the future. 
• The main wolf - human conflict is competition for prey with hunters. Depredation on 
livestock is not widespread nowadays and can be easily prevented by proper 
husbandry techniques. 
• The pattern of the sex and age structure of the harvest bag, i.e., low proportion of old 
animals, female predominance and their high fecundity (6 embryos on average), all 
points towards the current over-exploitation of the population. A relatively low ratio 
of juveniles (20%) is an indication of additional pre- and neonatal mortality factors, 
possibly elimination through hunting of pregnant and lactating females. The high 
proportion of animals with human-caused injuries (3.8%) is another evidence of the 
strong hunting pressure. 
• Although wolves are currently widely distributed and relatively numerous in Latvia, 
several features are indicative of high human-caused mortality rate, i.e., recent 
numerical and distributional decline, high fecundity, prevalence of females in the 
harvest bag. In order to avoid further numerical decline caused by the current over-
exploitation of the wolf population, the legal status of the species and management 
practice should be changed from the present policy of maximum reduction of wolf 
numbers to a sustainable use, ensuring a longer closed season in summer and / or 
hunting quotas in order о provide stable spatial and social structure of the population. 
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Appendix 1. Occurrence of wolves in Latvia in 1940 and 1970 based on the official 
census data. 
1940 
4 
1 wolf present; 
m 
2-5 wolves present: 
Щ 
6-10 wolves present. 
Appendix 1 (continued) 
1970 
1 wolf present; 
Ш 
2-5 wolves present; 
Ш 
6-10 wolves present. 
Appendix 2. Results of" the statistical analysis of body parameters of wolves - comparison between 
males (2) and females (1) (all age classes pooled) and between different age classes (1 - juvenile 
wolves < 1 year old; 2 - subadujt wolves from 1 lo 2 years; 3 - adult wolves > 3 years old) 
Sexual differences in morphometrical parameters between male and female wolves 
(all age c lasses pooled together). 
D e s c r i p t i v e s 
N M o a n Std. Deviation Std Error 
W E I G H T 1 0 0 7 8 3 1 . 6 5 7 ! 7 .0402 .7971 
2 0 0 8 5 3 8 . 1 8 8 2 9 .2663 1.0051 
Total 103 3 5 . 0 6 2 9 8.87G4 . 6 9 5 3 
HEIGHT 1.00 250 6 9 . 0 2 0 0 0.9499 4 3 9 5 
2.00 241 73.966H 10.6501 6 8 6 0 
Total 491 71 .4481 9 .2859 . 4191 
TOTALL 1.00 248 145 .9214 15.2611 .9691 
2.00 242 154.0269 16 .3094 1.0484 
Total 4 9 0 149 .9245 16.2847 . 7357 
TAIL 1 . 0 0 247 3 9 . 3 2 6 3 6 .2137 . 3954 
2 .00 242 4 1 . 4 0 7 0 10.0705 6 4 7 4 
Total 4 8 9 4 0 . 3 5 6 0 8 .4043 .3801 
BODYL 1.00 2 4 7 106.7769 1 3 0 1 9 0 . 8284 
2 .00 242 113 .3264 14.5498 9 3 5 3 
Total 4 3 9 110.0182 14.1G81 . 6 4 0 7 
F O O T 1 . 0 0 241 2 3 . 6 2 8 6 3.0574 1 9 6 9 
2 .00 239 2 6 . 1 5 4 8 9.7252 6 2 9 1 
Tota l 4Й0 2 4 . 8 8 5 5 7 .2990 . 3332 
P a y с 1 
Descriptives 
9 5 % C o n f i d e n c e Interval lor 
M e a n 
Lower Bound Upper Bound Minimum Maximum 
W E I G H T 1.00 3 0 . 0 6 9 7 33 .2444 16.00 52 .00 
2 .00 3 6 . 1 8 9 5 40 .1869 18 .00 67 .00 
Total 3 3 . 6 9 0 0 36 .4358 16 .00 67 .00 
H E I G H T 1.00 6 8 1543 69 .8857 4 0 . 0 0 8 5 . 0 0 
2 .00 7 2 . 6 1 5 4 7 5 . 3 1 8 2 4 6 . 0 0 172.00 
Total 7 0 . 6 2 4 7 7 2 . 2 7 1 5 4 0 . 0 0 1 72 .00 
TOTALL 1.00 144.0127 147.8301 9 4 . 0 0 192.00 
2.00 151 .9616 156.0921 9 7 . 0 0 2 0 1 . 0 0 
Total 1 4 8 . 4 7 9 0 151.3699 9 4 . 0 0 2 0 1 . 0 0 
TAIL 1.00 3 8 . 5 4 7 6 4 0 . 1 0 5 0 13.00 56 .00 
2.O0 4 0 . 1 3 1 8 4 2 . 6 8 2 2 2 4 . 0 0 1 72 .00 
Total 3 9 . 6 0 9 3 4 1 . 1 0 2 8 13.00 172.00 
BODYL 1.00 105 .1453 108 .4085 4 9 . 0 0 140.00 
2.00 1 11 .4840 115 .1689 6 8 . 0 0 172.00 
Total 108 .7593 1 1 1.2771 4 9 . 0 0 172.00 
F O O T 1.00 2 3 . 2 4 0 7 24 .0166 10.00 3 4 . 0 0 
2 .00 2 4 . 9 1 5 6 27 .3941 15.00 170.00 
Total 2 4 . 2 3 1 8 25 .5411 10.00 170.00 
ANOVA 
S u m ol 
S q u a r e s dl M e a n S q u a r e F Sig. 
WEIGHT B e t w e e n Groups 
Within Groups 
Total 
1735.041 
11029 .087 
12764 128 
1 
161 
152 
1735.041 
6 8 . 5 0 4 
2 5 . 3 2 8 .000 
HEIGHT B e t w e e n Groups 
Wilhin Groups 
Total 
3002 .791 
3 9 2 4 8 . 6 3 4 
4 2 2 5 1 . 4 2 6 
1 
489 
4 9 0 
3002 .791 
Я0.263 
37 .412 .000 
TOTALL B e t w e e n Groups 
Within Groups 
Tot л I 
8 0 4 5 . 9 1 4 
121G31.29 
129678.21 
1 
4 8 8 
489 
8 0 4 6 914 
249 .244 
32 .285 .000 
TAIL B e t w e e n Groups 
Within Groups 
Total 
529 .208 
3 3 9 3 9 . 1 1 7 
3 4 4 6 8 325 
1 
487 
4 8 8 
5 2 9 . 2 0 8 
6 9 . 6 9 0 
7.594 .006 
BODYL B e t w e e n Groups 
Within Groups 
Total 
5 2 4 3 519 
9 2 7 1 4 . 6 2 9 
9 7 9 5 8 . 1 4 8 
1 
487 
4 8 8 
5 2 4 3 . 5 1 9 
190.379 
2 7 . 5 4 3 .000 
FOOT B e t w e e n Groups 
Wilhin Groups 
Tola I 
765 .778 
2 4 7 5 3 . 2 8 4 
2 5 5 1 9 . 0 6 2 
1 
4 7 8 
479 
7 6 5 7 / 8 
5 1 . 7 8 5 
14.788 .000 
D i f f e r e n c e s in m o r p h o m e t r i c a l p a r a m e t e r s b e t w e e n different a g e c l a s s e s of w o l v e s 
P a g e 2 
Descr ipt ives 
N Mean Std. Deviation Std. Error 
W E I G H T 1.00 17 2 5 0441 6.6226 1.6062 
2.00 34 2 9 . 4 5 2 9 6 .0743 1.0417 
3.00 1 12 38 .2866 7.8868 .7452 
Total 163 35 .0629 8.8764 . 6953 
HEIGHT 1.00 77 6 2 . 2 4 6 8 8 3 4 9 5 .9515 
2 .00 107 63 .0561 5.8646 5669 
3 .00 3 0 7 7 4 . 5 8 9 6 8.6972 .4964 
Total 491 71 .4481 9 .2859 .4191 
TOTALL 1 00 77 130 4 1 5 6 1 S 4759 t .8776 
2 00 108 1 4 8 . 2 2 2 2 13.0063 1.2515 
3 0 0 3 0 5 1 5 5 . 4 5 2 5 13.0797 . 7489 
Total 4 9 0 1 4 9 . 9 2 4 5 16 .2Й4/ .7357 
TAIL 1.00 7 7 3 5 6 2 3 4 5.9184 . 6745 
2 . 0 0 108 3 9 . 6 5 3 7 6 .0655 .5837 
3 .00 3 0 4 4 1 . 8 0 4 3 9 . 1 6 5 5 .5257 
Tola! 4 8 9 4 0 . 3 5 6 0 8 .4043 .3801 
BODYL 1.00 77 9 5 . 1 3 1 8 13 .9725 1.5923 
2 . 0 0 108 1 0 8 . 5 6 8 5 11.5711 1.1 134 
3 .00 3 0 4 114.291 1 12.3304 .7072 
Total 489 1 10.0182 14.1681 .6407 
F O O T 1 0 0 76 22 6 9 7 4 2 .9956 .3436 
2 . 0 0 106 2 3 . 7 3 5 8 2 .8696 .2787 
3 .00 2 9 8 2 5 . 8 5 4 0 S.8378 .5120 
Tola 4 8 0 2 4 8 8 6 5 7 2 9 9 0 .3332 
Descr ipt ives 
9 5 % Conf idence Interval for 
Mean 
Lower Bound U p p e r Bound Minimum Maximum 
W E I G H T 1 00 2 1 . 6 3 9 1 2 8 . 4 4 9 2 16 .35 3 7 . 1 0 
2.00 2 7 . 3 3 3 5 31 5 7 2 4 16.40 5 2 . 0 0 
3.00 3 6 . 8 0 9 9 3 9 . 7 6 3 3 16.00 6 7 . 0 0 
Tot л I 3 3 . 6 9 0 0 3 6 . 4 3 5 8 16.00 6 7 . 0 0 
HEIGHT 1.00 6 0 . 3 5 1 6 6 4 . 1 4 1 9 40 .00 8 0 . 0 0 
2.00 6 7 . 9 3 2 0 70 .1801 50.00 8 2 . 0 0 
3.00 7 3 . 6 1 2 8 7 5 . 5 6 6 3 54 .00 1 7 2 . 0 0 
Total 7 0 . 6 2 4 7 7 2 . 2 7 1 5 40.00 1 7 2 . 0 0 
TOT'ALL 1.00 126 .6760 1 3 4 1 5 5 2 94 .00 1 7 0 . 0 0 
2.00 145 .7412 150.7032 107 .00 192 .00 
3.00 153 9 7 8 7 156.9262 112.00 2 0 1 . 0 0 
Total 1 4 8 . 4 7 9 0 1 5 1 . 3 6 9 9 94 . 00 2 0 1 . 0 0 
TAIL 1.00 3 4 . 2 8 0 1 3 6 . 9 6 6 7 22 .00 55 .00 
2.00 3 S . 4 9 6 7 4 0 . 8 1 0 7 13 00 54 .00 
3.00 4 0 . 7 6 9 8 4 2 . 8 3 8 7 26 00 172.00 
To la I 3 9 . 6 0 9 3 4 1 . 1 0 2 8 13.00 172 .00 
BODYL 1.00 9 2 . 0 1 0 5 98 3 5 3 2 49 .00 129.00 
2.00 1 0 6 . 3 6 1 3 110 7 7 5 8 74 .00 144.00 
3.00 1 1 2 . 8 9 9 5 11 5. (5828 7 1 . 0 0 172.00 
Total 1 0 8 . 7 5 9 3 11 1.2771 49 .00 1 72.00 
F O O T 1.00 2 2 . 0 1 2 8 2 3 . 3 8 1 9 11 0 0 29 .00 
2.00 2 3 . 1 8 3 2 2 4 . 2 8 8 5 13.00 34 .00 
3.00 2 4 . 8 4 6 5 2 6 . 8 6 1 6 10.00 170.00 
Total 2 4 . 2 3 1 8 2 5 . 5 4 1 1 10.00 1 70 .00 
ANOVA 
Sum of 
S q u a r e s df Mean S q u a r e F Siq. 
W E I G H T B e t w e e n Groups 3 9 4 0 . 3 6 4 2 1970.182 3 5 . 7 2 5 . 000 
Within Groups 8823 .7S4 160 5 5 149 
Total 12764 .128 162 
HEIGHT B e t w e e n G r o u p s 1 0 1 6 1 . 1 6 4 2 5 0 8 0 . 5 8 2 77 .261 0 0 0 
Within Groups 3 2 0 9 0 . 2 6 2 488 6 5 . 7 5 9 
Гс>: ti 4 2 2 5 1 . 4 2 6 490 
TOTALL B e t w e e n Groups 3 8 9 3 9 2 7 8 2 1Э469.63Э 104 .494 . 000 
Within Groups 9 0 7 3 8 . 9 2 9 487 186 .322 
Total 129678 .21 489 
TAIL B e t w e e n Groups 2 4 1 5 . 5 3 4 2 1 2 0 7 . 7 6 7 18 .313 . 000 
Within Groups 32052 .791 486 65 .952 
Total 3 4 4 6 8 3 2 5 488 
BODYL B e t w e e n Groups 2 2 7 2 6 . 4 5 4 2 1 1 3 6 3 2 2 7 7 3 407 . 000 
Within Groups 7 5 2 3 1 . 6 9 4 486 154 7 9 8 
Total 9 7 9 5 8 148 488 
F O O T B e t w e e n Groups 7 8 3 . 5 1 9 2 391 7 5 9 7 .555 .001 
Within Groups 2 4 7 3 5 . 5 4 3 477 51 .856 
Total 2 5 5 1 9 . 0 6 2 479 
P o s t H o c T e s t s 
P a g e 4 
Mult ip le Compar i sons 
Dunnci t С 
Mean 
Difference 9 5 % Conf idence Interval 
D e p e n d e n t Var iab le (1) AGE (J) AGE ( I J ) Std Error Lower Bound Upper Bound 
W E I G H T 1.00 2.00 -4 .4088 2 . 2 0 5 9 -9 .2771 . 4594 
3.00 -13 .2425* 1.9330 •17 .7472 -8 .7377 
2 .00 1.00 4 . 4 0 8 8 2 . 2 0 5 9 - .4594 9.2771 
3.00 - 8 . 6 3 3 7 ' 1 .4541 -1 1 .9427 -5 .7246 
3.00 1.00 13 .2425" 1 .9330 8 .7377 17 .7472 
2.00 8 . 8 3 3 7 ' 1.4541 5 .7246 1 1.9427 
HEIGHT 1.00 2.00 -6 .8093" 1.2118 -9 .4532 4 . 1 6 5 5 
3.00 -12 .3428* 1.0335 - 1 4 . 8 9 7 6 -9 .7881 
2.00 1.00 6 . 8 0 9 3 ' 1.21 18 4 . 1 6 5 5 9 .4532 
3.00 •5.5335* , 9104 -7 .3138 -3 .7532 
3 . 0 0 1.00 12 . 3428 ' 1 .0335 9 7881 14 .8976 
2.00 5 . 5 3 3 5 ' .9104 3 .7532 7 . 3 1 3 8 
TOTAL L 1.00 2.00 -17 .0066* 2 . 0 3 5 9 - 2 3 . 1 9 1 2 - 1 2 . 4 2 2 0 
3 . 0 0 -25 .0359* 1 7 4 0 9 - 2 9 . 8 5 6 2 - 2 0 . 2 1 7 6 
2.00 1.00 1 7 . 8 0 6 6 ' 2 0 3 5 9 12 .4220 2 3 . 1 9 1 2 
3.00 - 7 . 2 3 0 2 ' 1.5284 -10 6841 -3 .7764 
3 00 I 00 25 .0369" 1.74 09 2 0 . 2 1 7 6 29 8 5 6 2 
2.00 7 . 2 3 0 2 ' 1.5284 3.7764 10.6841 
TAIL 1.00 2.00 - 4 . 0 3 0 3 ' 1 21 13 - 6 . 1 5 7 3 -1 .9034 
3.00 - 6 . 1 8 0 9 ' 1 0361 -8 2099 - 4 . 1 5 1 9 
2.00 1.00 4 . 0 3 0 3 ' 1.21 13 1.9034 6 .1573 
3.00 - 2 . 1 5 0 6 ' . 9097 -4 0059 - 2 9 5 3 
3.00 1.00 6.1809* 1.0361 4 . 1 5 1 9 8 .2099 
2.00 2 . 1 5 0 6 ' 9 0 9 7 .2953 4 . 0 0 5 9 
BODYL 1.00 2.00 - 1 3 . 3 8 6 7 ' 1.8557 - 1 8 . 0 2 2 6 - 3 . 7 5 0 8 
3.00 - 1 9 . 1 0 9 3 ' 1.5873 - 2 3 . 2 6 0 8 - 1 4 . 9 5 7 8 
2 .00 1.00 13.3867* 1.8557 8 .7508 18 0 2 2 6 
3.00 - 5 . 7 2 2 6 ' 1 .3937 -8 .8451 -2 ,6001 
3.00 1.00 19 .1093" 1 .5873 14 .9578 2 3 . 2 6 0 8 
2 0 0 5 . 7 2 2 6 ' 1 .3937 2 .6001 8.8451 
L O O T 1 0 0 2.00 - 1 . 0 3 8 5 1 .0824 -2 .0940 1.706E-02 
3,00 -3.1567* .9254 -4 .6108 -1 .7025 
2 .00 1.00 1 . о з в ь 1.0824 - 1 . 7 0 5 8 E - 0 2 2 . 0 9 4 0 
3.00 -2 .1182* .8144 -3 .4888 - 7 4 / 5 
3 . 0 0 1.00 3 . 1 5 6 7 ' 9254 1.7025 4 . 6 1 0 8 
2.00 2.1182* .8144 . 7475 3 .4888 
'- The m e a n difference is significant at t he .05 Ievc4. 
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A P P E N D I X 3 . The questionnaire used in the study on wolf morphometries in Latvia. 
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Appendix 4 
Fig.2. Scats were collected in selected areas as well as during snow-tracking. 
Appendix 4 (continued) 
Appendix 4 (continued) 
Fig. 6. Hybrid pups found in northern Latvia in 1999. 
